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oo - 4x P> «rS3Mtttfi(j KSS-g-t" 5 IfrfrK £ £ fs tt M * 

tit*— ^<om<t aw^ifi] 5 t » 

-ewifcffigtWffi/JS 1 0 ju Q c m«T"e*> 5 5E* 

[it 3 ] mmm 1 eo&atstwgtfJiMsra: o . 5 nm 
£. ^m-§-^i?-^i3Jt5s*aiA<p^*rffl[v 2 ttc j; •? 

^$*t5«J£#*MW4 (V1-V2) / (V1+V2) 
f-JStc J: o TXl >K#8I 1 03tttt^« t H 2 

<omm.&mb. 

tfJfEJS 1 <D3SiB£t£f$:JI £ *fjfB#BSte*-t— tf-Jg £ ;*s$s-r 
IEft#K#{rj3Jt5S*tti^jroit6*rfli[v 1 £, Afg-si-K 

ftttVFte. (V1-V2) / (V1+V2) y^-f-^f. 
iSSiggJl OJBIV £ fifrlE^ 2 cD3£B£ttft;f coffin b ^Sfe 



(2) <$m 2000-137906 

2 

[»**6] tfcjgffil 0 m Q ctnCDC ufC^LfcSfffS 
^SSteflS^H/iwBIJ?* t (HCL) , MIES? 2 

*fc-C**Lfctt*fflW&-*l^fttm (p inl) . t 
rn (pin2) (tm (p i til) >tm (pin2) 
b l>1tbt\Z^ 0. 5nraStm (p i n 1) 
-tm (pin2) + t (HCL) ^4nm, lot 
(HCL) ^0. 5 nmSrffiS-t-^C tSr^mi:i--5if 

/o [it*«7i mm.*^—y-mb. mmm'&.w*.^— 
(omm&mb. 

SrffS*.. 

* (Si £ 5 w««a3s&**T--T? fc o r . 

MSB* 1 w&SStt&Jl £ tfrtKWtt^—lNi £ 

®<oa/?4rt (hcl) . tt&%2<Dfflm&ftm'¥(om 
tz—M^m^mtomm^ 1 T^ta^n^tT-^bfc 

JK^jei^Sr-tH-^n t m (p i n l) , tm (p i n 
2) (tm (p inl) >tm (pin2) b-f%) b 
Lfci:#tw, 0. 5 nmS t m (pinl) - tm (p 
i n 2) + t (HCL) ^4 nm> fi.o t (HCL) ^ 
30 0. 5 nmSr«S-t-5i fc&4**i-f5«««tt3b** 

[»**8] SaiE^«ttiS^®Sli. M (Cu> , ^ 
(Au) N (Ag) , jv^z^^k, (R U ) , WUv?^ 

A(Ir), U = (Re) , ni?^ (Rh) » 6 
rfe (P t) . (P d) , T/US^A (A 

1) , (Os) RXf-vlrji' (Ni) A 9 £ 

IS-C* 5it4r#1S4:-t-5if*3Sl~7(?>v 1 o 

^S(wJ:oTav^^gtSnfc^iro3*Ktt«:S£m2 

mmm 1 <D3mvt#m b msmtm^-^-m b t>m-r 
50 zmmbmttM<omzxm 1 nmmm^m^^t^mt 
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(3) 

3 

[m*« i o j mmmmm<D ? t,r-«tna^ i n%m>&& 
mizm-tzmtm (cu) *^tsz.t*w&t-$-z>m* 

« 9 fEicCO^IgfclS&jftiSf^,, 

[ft*sg 1 1 ] mtmmrnn ? *>xf&&?a i <o&este#: 

SKlgb&V^;^. (Ru) , U=- h, (R 10 

e) , nv?r>A (Rh) . '^WJ* (Pd) . 64 
(Pt) , v«^A (I r) XtM-:*5*A (Os) 

v^T«WE*«ttilSi»«ii:«b-C» (Ta) . 

^*>- (Ti) . i?/u= = t?A (Zr) , Z^tfT-T-l/ 
(w) , vx7-!>i (Hf) w^yyfv (Mo) J: 

[ff*^l 3] iftiEifll W3SS£te#:Jiii, =y-ir/HR 
(NiFe) £rgtr£4Jl<fc h (Co) Sr^trJg 

1 4 ] ttrlEIg 1 w&SfcteWffi. 
(CoFe) &$tr&&mfahti:ZZb$:!tmt-tZm 
1 ~ 1 2 co^-f 4x*» 1 oteK*W>BM5«Si8!i** 

5] SWE*®***^^ 30 

2 ^ <o^^^ ftt^b-c&sA x * tfi-rm t 

AWE® 2 (OSfifiSttflcStfj^tftfE— jttOT^K^BIwt, >-f 

wie^ 1 <D%m&fcm t tfifzttm&x^—v-m t tm-r 40 
zwmt Rttm <o m \z x m 1 <o&mm &m 5 tm 

tilft&&m&fcm<nttWb L-c, x Z Mni-z 

T*Xli, -TUv'^^ (tr) , /Uf^^A (Ru) , n 
i^^A (Rh) „ 64 (Pt) , /<7i?VA. (Pd) R 
VU-VA, (Re) «t«?<C5»A>e>Slin5^< t 1 
-m<Dji.mk U ffi/jfeifc z li, 5^%«±4 0^% 



& US 2000-137906 

tfrtE^ 1 <nffi&&ftmt±, mtomfttfn a tomzmmm 
2<om^wm<omit^fa\ztt\^xfozftg.*f&-tmit 

MIES! 2 <03SB£f4frS+WtaiE-*fK»^ttft:ffi|rov »i* 

^<omit^m.<r>^\k\\zmm-r t ut<os 

mie^ 1 <D%mmtm t m^mm.* -<—9-m t &m-t 
zwm t&itfm<Dm\zx%h i <D%m&#miz&tzftm 

TOIES!ft«tt*«>«-»i LT, XzMnl-z (r^f 
Xli, 64 (P t) RV/<7i?<?A, (Pd) J;t)7S.5f¥ 

7] tfllE^tt^X^— ^Jg»± s ffl (Cu) 
££*r4JKSa»bfttK JLo-^co^J?^ 1. 5nmtA± 
2. 5nmKT-e*5ri4Wtit5ll*«l~16 

lo, SfflE-Mco^ttflrJKH, ^fr-etKommtma 

M%b<DffiX'jbZM^mm<nm>0 nmTK±2 nmT 
EtTtfe 5 C t t i"« if ** 1 4 fctt 2 IwiStew 

imxm 1 9 ] mm-tt<r>%m&ftm*BLmtz.&it&)iz 

&£-tZMfZfe'&mt±, jU^-VJ* (Ru) 
B.o-t03fltff;JSO. 8nmEtil. 2nmaK'fe5: 
t «r#m t i"« 1 * tt 2 l-|E«c<De^iSfit«l* 

[if*^2 0] ^t44 J KS5:^bTia®$^c'>^< 

i-sBiastts***^^^. ME^kB*®tttfriE 

»isat= sae ^ n^saiattji b 1 1>> h ti -5 — %t<r>m&nkm 
mmMiMtm vxR%mm£& sms. awes 

(4S« If-^wn^y^ — y^fiSts^s 8 

[»**2 1] ^tt"pr^5r^briag$^fc>^< 

8WS*tfc«WEBWtB#JB«)«ft*H*i-5ft:*«>R» 
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5 

tt* b a» e> * s -nnmmm im&M&m z ft u -cs 

[if 2 2] 'M<H1 I©»ttt DM i . atria 

[if>fc*l2 3] T«BWC->-/uKJIt, 

WlsZTMm£M%*r *r y 7m<n±\zmf hixitn^ l 
~ 2 2 <m *-mt>* 1 ofcia«ro««C«StSft*5U-T-i: % 

y ym t SUE±«»*¥-* y y**«?±»dRtt e>;h.fc.fc« 

ZmWk-tZ if 2 3 IE«W>«*~ y K. 
[if#j£2 5] tUI5^1(7P3Sffit4ft:SSr^Jf:^-(S]{r^fc: 

SJBBSrDi » SfffEIS 1 «5*»tt#:JBSr«ff*ft»=*fc 

mZfeMZDz t Lfci#tC, Di >Dz-Cfo-5r t5r# 
»£*-$It#9 2 3Sfctt2 4l£EttW«5^y K„ 
[if 2 6 ] IWEifflWWl&^-yu Kg £ *ii<k$*fC 

WEEfttt** -r y ^»±(=K»t e>itfc±«»«i: . 

*^ 2 3 ~ 2 5 £>V>'1"ft7»» 1 oKE®tf>Bm^ y K. 
[if*^2 7] If ^2 6E«c<Z>K£^y K&*i"5 — 
y K*y^ y'i:, 



(4) #58 2000-137906 

lW3B«ftlEflaMtflcir«Eff ftflijo-t- S r £ K J: t> ft-^Sr* 
y KSr*i"5^y y -f y* 4: , 
[00 0 1] 

■7-, IS^yK, «E*C^y KTirvy'y.&tfB^Eil^ 

B£«,^ y >\ BS^ y KT-fe vy' y Rvm%MZ&mmz 
[00 0 2] 

fifctam (M.R) SrfiJfflbfcKSC^-y K (MR^y K) 

( re<fc@«Sj . r@^gj fc^iNfi rt°>-^j 

( mt&mi fc^v^ti tyv—Mi tet'tfaZti 

JO ^HiwJ; DE^^ffigta* (GMR) Sr^-Ty If v^/u 

[ 0 0 0 3 ] i&<DMRmt LTIi, NiFe^Mff)5» 
e><C5**tt»*«fii8!l*BI (AMR1) -^AXt&^M 

MR^£Jtg?-r-5£+^(c:Atv\ yf>-^/u 

^b* (GMR) $rffl^fcS5^«^^y h% Hpt,GM 
R — y KM-S^i4otl>5, 
[0 0 0 4] WCGMR^yKIl, ^itS*® 

so ®M%-frW)<fe&<ois-7 V*htLh-Fi. 5 left!?, 
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[0005] mtmmm*mfste&m sr^-u-cs 
my^vmmm rsyAFj, r^t^y 

*AFj SfcH: rs5i^g^fSj z)<«£$ 
*VCV»3 (#Mf7-1 6 9 0 2-6f^a). iOS3t 

[0006] ip*., ^(mmcmmm<r>2^>(ommm<n 

ffl&5x«asHKfk;jS*f U^SyAFtFi. 3iiBJH_=JiA_:5_i 

mms b roaHuttff »sv ^fr*>ts b-s- 5 ro-cwsuBjr- 

bft< ftSfcAK, H»«ft«5*«tt39SR3»»ttJl©2K 
[00 0 7] 

[0 0 0 8] *i\ illlc, 1MC<:M±^««A:»(=7 

<4 -y V WLVciSmm t ft £ i: V * 5 fe o fc„ 
[0 0 0 9] ^21C, /ny^y^fi* (Tb) WJhCD 

JStffi (ESD) moS^GMR^lrsSA-TSi^Wt- 

-cb* 5 tv>5K«*«4i'*. ^3^. m\tv>mm*: 

ft51t)/>ia*. TbWiS^fflitSr-fctf-C. LHSy 
A F Srfflf^i-5^^Ji«r^ bTO_s_§i«t_=ii_i-__-®:|?- 
Sr±S«5ftvS»fl. (»*» k O e 4UJ_) SrAo*.«rt*s 
i&g-C-bS. rcofc*. RSfiBSttJS i: bT T b <7>JSSIV ^ 
3SKttfltS:fflv\ mt<r>m%<nfrth\zT b £JLfc_fe-e?&gt! 
Sr±»f*t. S yAF<75«^ig-g-®^S»S|-r-53SKttS 

[ooio] aflE±#s*/t«t«B-e««u*-fr* 

9-1 69 20f^t*lil5kOe) ^Dx-5fcJ6 
[00 l l] JfT5»c:, f^SI^Jsv^TSSilKtte?)^^ 
wSyAFictst, ^»m?*fc:<_^t--5fctok:B_l_:@ 

»»±»»»Cft5*J. tOfiIf»*SyAF<0«ilfcl 
0 "CMtTlBftlt^^-!? A Sit, £ «7t-t-<Q;4SH 
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.9 

[0O12]»6l:, SyAFWStfcott^ 

[0 0 13] £A±yj^L.fc6o<^Bga^{cJDx. 
T. (1) W8M__/JSig^ m\Zti]Mya-tz.T=-—MZ 
MVX) » (2) ff___„g_e<Z>_t 9— ®ro|6j_h£:|g.5_fc.-e 
/0 MRJEWS^Sttl^, (3) Jt«.Stl^:tftMRt__ 
ftWI.tl.Co F e-&__tS^JS-efiSiKB«:fflfigUfc 
*&»=«_i*J»*s-Cti". A#fcft««4^#»&iT,fc 

V\ ftifCOP^Sfcfcofc. 
[0014] #389.8:, _bi__ bfcH* OtSScotSiffi{C__i 

ovrftsnfefcro-efc-s, i-ftfc>*>, -ecoiiftfi, ✓< 

>-7 y St>*a^ilE^§_lBSr_itJt-t-?, - t Kfc §_ 
[00 15] 

20 [ RIB SrHPft-t-Sfc »«>#»] ±_HS«]S:_Sj5S:-t-5fc«) 

i. stris^f__fli:^^— -trntz x^xK^^izftrnztift 

IB 1 <OS£et£Wi(4. fPAD»#*s-fef ocoWt_:SfrlElB2 CD 
&M&#m<nmtJjfa\zttL.xibZ>fi&t*:i&-tmi&jfo 
Sr*b, flUfsm2<753_i^t__i$:/ili, *i_C(-:/i5[5_iKt__£Kjic 

*WE-#ro3_lB«4flcflt 
S:»K boo - ix S> SrKS-i^ttW Sr 
__rtrS_;ia»tnS&*3ff J F--C_boT. WIE^2<0__HKt__fl.jB 

©5t»tifeff*t-:»^5*Kt__i«-»-MF t - £r*1-5 r. ir 

[0 0 16] ±mmmzXV. 6»4^7^yh 
Sr«t»boo, «*TiB*coWu*««J_s«_S!iJII*?-«:|l 

[0017] ±e« lv ^nm<DBm t it. m 

IEl^Bt__ffi-VMllt. '</^*ttro_K»t?coJfc«aco_t 
40 *si 0 /. n cm£lTt , *>55c5ilSr_|r*-r5-: < _:t_:_tt), 

frf—tomz i5«MR i$^^<o^m/i s ^Tffi i: ft 5„ 

[0 0 18] il!«£?iEf|iffl N *3_ttJ J #W8H__i-G3ftt 

ig t' J; 5 * fc° y7 ^ /u^ — i.MR ^itm±^-n 

t__flc®COJKJ?».t0. 5nraKi4. 5 n raKlTT'fcS r 

[0019] _6fc.'_E^g-§-m#tc;*_tt'5l?_____j^j«oJ6*f 
ttv 1 i. jft«^#t-:*»t*H_t-___>.60ie*H_[V2 i: 
50 »w_t<9^$tt5jfi^*^t_. (V1-V2) / (V1 + 
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V2) W^*0. 1«±^^^0. lKTt45 

tt£-^^0. l&ii^^O. l ^T^i-^/c^^ 

^Jf*ffiV^Tt>ftV\ -t<Z>#£\ 3. 6nmTJjrFT\ 
0. 5 nmTJWiiO^0j5<^*St: o ^Srffi^-5 - <t 
^ItU^o 3. 6 nmTK±-ett±ELfc*Jt»ttt 
*ai-5wi:^HJS-e*>9, 0. 5nmTKTTHMR 

[0020] ttEIHIIttXmUoMtlV.t: t (H 
CL) dc-e«\ Jfcttttl 0/i Q cm^CuSt-JftS 
Lfc) , WI5m2(^^tt#:S4 3 ^MI5-^^^tii*: 

tltm (pinl) , tm (p in2) (tm (pin 
1) > tm (p i n 2) t-t%) fcbfcfc*^, 0. 5 
nm^tm (pinl) — tm (p i n 2) + t (HC 
L) ^ 4 nm, lot (HC L) ^0. 5nmS:lSt 
t^mt-t^o Z<nm&*ffi&-ttltt. tm (p 
i n2) =0t4b^#l^t°yl^^ttftl/\ ± 

0. l«±t/7^0. lHTt4 9, JLoflfMR^Si 

[00 2 1] £fc, ttCf|tloSi8H£Wltt« ^<7>JBS¥ 

[00 2 2] Sfc* mS^tt1£n«U»: % ffiH i n|S 
atv^5*#S:*faill*.5^^*3FiJi:*-B« (Cu) , 
& (Au) . & (Ag) , /Uf^^A (R U ) % «{l)Z? 
r>A (I r) , (Re ) ^ n^r>A (Rh) , 

(pt) , /n^^^a (pa) , t/u^-^a (a 

1) , ;**^A (Os) Xfltey^vu (Ni) XV f£ 

[00 2 3] f£H i n*5it«)C«tt4«±»J»<Ofc 

[0 0 24] ro«/Mt«rfflV^»&^t>, £>-fbt>S 
-t£>:|j§-g\ 3. 6 nmTJ^Tt\ 0. 5 nmTJW 

3. 6 nmTa±-e«:±Ebfc*»*ttS:lJSt5 i t 
#Ejtre*>9, 0. 5 nmTKTtltMR^ftWf t 

[00 2 5] *7t, StriESS^o 5 i <o»« 

»tt*aofcA^»^«nfctt?»tur« (cu) 
[0026] ttitzmmmv 5 1 <e>3sbs 



(6) mm 2000-137906 

«««wwc4»ic«nfc*mfc u-c, (r 

u) x U-^^A (Re) . nv?r>A (Rh) , a?7 v** 
A (Pd) , (Pt) , ^yv>*A (I r) Rlf* 

(Os) ±945»^e>ItfWc>4< ti>~ 

[0 0 2 7] Sfc, iHcu, iSMR^ffc^<D|g^(Dfc 
«9E*BH4*#«JBOffltB[ttO. 5nral^J:5n 

[0 0 2 8] iHin, 

IE#»tti(S*«iiSEUT, 9lsinv (Ta) % 
(Ti) , (Zr) , $1/7*^1/ 

(W) , ^7=** (Hf) W^^fy (Mo) J: 

[0 0 2 9] liMR»^ ttSttm^A 

td, ftfris^ i (Dmm\^m\±, ~*stn\^k (NiFe) 
(Co) *^t?mh<Dmmmfr 

2/9 [0 0 3 0] iSMRf^t, *C«teJ?m<0fc«> 

ffilSft 1 OSMKttflcJitt, ^^hi^ (CoFe) 

[00 3 1] *fc.*«TE*2<D»«ttt|£:Jt<7)BWkffl»^ 

««iffltfl[^0. 5nraT^±t*3. 6 nmTJ^T"efo-5 

[0 0 3 2] ^fc, ^Pt^MStt^iSMRfft? 
^^7t^^, MTOMl^*«0*mi:U-C. XzM 
n 1 - z C^T'XIt -Y y ( I r) . ;Uf^«? 

A (R U ) % nv?r>A (Rh) , 6^ (Pt) „ s<9is 
(Pd) St/U^^A (Re) <t D>S-5W^e>38ff 

5o r<^®^t, ^i*bfc S y AFSrSUH-t-S&W* 
J^JB^f^JiSrfflv^TtAv^ *<nW&. 3. 6 
nmT«Tt% 0. 5 nmT^S^f^ify 
40 SSrfflV>Sr itfSBSLV^ 3. 6 nmTU±X\±±^ 
L*:##*Wt*ridai-ft^i3ft«HJl-e*9, 0. 5nm 
TWT-ei±MR^t^« : L</h$<45^^T-fc^ 0 
[0 0 3 3] ^/c, *MRSE^fc:*4r«li"5fcft«w, SftE 
K3&«t£S<0WPI-i: LT, X zMnl-z C:tX 
ft, (Pt) SOV^^^^A (Pd) <t9*5#^ 

ro^tct, ^ftfcSyAFt8«t3 
JO 3. 6nmTEATT% 0. 5 nraTK±OB«|Rf 
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gtr^SSr^V^r <tasg£Ll\> 3. 6nmTW±-e 
tt±BLfc*»<W4S:i«Si-Sc:i:*Sffl|i-e*)9. 0. 
5 n m T K TT-liM R ^-ffc^^ b < /h $ < * 5 ?> t? 

[0034] mMRmmimmi-izt, &x 

^Kttff^^— f-JBtt, SB (Cu) Sr£-tf&JRSA»P># 
9. J.o-t-WJBI^l. 5nmKl2. 5nm«Tt-fe 

[0 0 3 51 ISMRIrMtSr i, *5±t/ffiE 

S D»tt^fc°>-@#®wWf\tt5rl6]±$-tt'5 r t £ Sift 

ZW5jm-<O&t>*0 nmT«±2 nmT«K'fc5:i 

[0036] m&—Mn&m&wm*R%m i &te 

ft 3 ItfrfSg-S-J&li, /u^^^a (Ru) 
[0037] i <o*W<o«*H£fl:3&* 

aS-SHSgBajJU^y Kfcjsv^-c. #JSEBMfc;@*eiiiKiS5# 
BttfMJURUcE* £ nfc&SfttJI A b SHIER 
B13EB S ttfc gUK&JI B t 5, 4 5 — » O&BSfcfeBdS 
K«;i^-&*S:^bTS3S«tt^^n-C4 9, tffSEKSi 
®H±gte*&E f — ^ <7) a v * y 8 * 

UTbteZXo »r*«ffi#iEi*i*ix-C/j;-6 C <t 

[003 8] *3£W<OW, 2 ©BW<7>«*«gB»*^ y K 

tt»*^y KK*JV^r» lftiE«fc@B«lilftffi#Bt!i:* 
|BJB«teEBS*ifc»HKttB A i: BfrlEKSaKttJUBOKlE 
S $ *l-fc3iB«4Jf Bi«»5>45 - »05S«14Ji 
**Sr^U-CS3S«ffitt-&S4x-C*D, fltrBK&Bt&l 
li»i2 0nmOTt'feO > 2 0 0 < C^*3tt5WfS3* 
itttlBtW^^gJiiO. 02erg/cm 2 

So 

[00 3 9] **M«)*3 «5»^©»««ttS!l*^s/ K 



(7) ftffi 2000-137906 

li, #BH4*MBfc^LTeB£*Lfc<J>*< £t>-*tO 
8£fc@BJ§ -«fl:aiBi:BiE«fl:HB*te«B;**ifc. 

#t#l*~y Klr*iV>-C > tfrlEBfcffcBBBttffirSE^fl&te'p 

70 liffii2 0nm«TT'fcO < *>oZx Mm-, (Z(± 
I r , Rh, Ru, Pt, Pd. Co, Ni frbW&iX 
tc'pt£< b t> 1 £T-&9, 0<x<0. 4) , Z, Mn 

i-x (ZttPt. Pd, N i *»e>3g«ttfc'>*< tt>i 

It-fcO, 0. 4lxS0. 7) , SfcttZx Cri-. 

( Z f*M n , Al, Pt. Pd, Cu, Au, Ag, R 
h, I r, Ru*»5,»flifc'>4<i:tll 1 0<x< 

[0040] *J8WOHS4©*MW»«;«ei»*^y K 

tiiifmimmm <Dmit*mm-tz> t^nb<r>m^sm\&m t z 

30 B5i9 fclfeirMtBHHISr**-*^ i: «rWRii-«««» 

[0041] 4*3, ±a* Lfcss 1 75s^ 4 (DmmmK^i 

[00 4 2] Sfc^MroBft^-f Ky^^f 

[00 43] $ e>»w*«^w««;sei^j*^y KOMit 

[0044] **^<0teO^tcS-J< KtCffifet 

50 «tttpMBSr^-UTiEfi$^fc'>/«c< t fc zm^W&M 
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13 

*j»-T-k:*3v^t» 1MB* tfvA/UTWi. mtm'&Mco 
amiSj ±JS <£> WSEKttJg i: liH*HK!l<0 ffi k 5 Ti&m 

[0 0 4 5] *fctt % #*W©W*«Si^**^H:. '> 

* < k h l € <D#mm+W§ k . ffiE#SM£* n* 
LXSEg $ *tfc'># < i: t 2 Jltf^feJI i: * W^-S * tf 

hbji t tts^ffliwaB k fe-tz &m?>msm$. tzummm 

#B*t?*>3 k mz, mK&*ffiS&i3kfo±mti'Pt£ < 
t t>fk&fcmv> J &-&.m*fti-Z>Zk*ftW:k UTV^„ 
[0 0 4 6] *fctt, **W©«««tSa***^B:. '> 

vxmm&titi'pti:< kt>2m<om'rmk*mirz>*K° 
>-/</i>ymk. wi?zxm's</i>7m\z-k^x&m&m8 

■C, 'M< it lSotfrfEBHtJIli, «m<75^JS<o©^ 

^ki,xmi&.-tZ7tm\-±. wisK«,fij5t?a*f6i±JB*s» 

[0047] ±Ebfc3a«ofls«ffigts»**T- 

a. mm&twzm. Tmm j &%mmki,x<D&m&m 
k nimtt k'x% %}%k<n-m k Lxm*<ommEM®m 

S«i*S:l«li$tit«)T?*5. 7y-g^< 

tSrtCiot, m^cod i f f us i vefc»& £rfl?rg L , 
Ty?x.\?^<om&m*\P\±.Z-<ikZ>z\k\z ±ot, 
MRSJft*Srilft»-r5w t^-C*#5. #H*fc»Efc© 

{£T«r*WHi-* d k #X$ 5 0 **«K*5lt5BaR|SSt 
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[0048] * it, ±ia ufc 3 arorasugeta&mss^F-tw 

&tf»e>#3®£\ Cu. Au*S£tM.gtf><b3ifl**T,5'> 
t£<kt>l m<D5tm*<gtzZ\ k *W&k LT^S, * 

Ru. Agfcitf Au/$>biif£ix3'>£< i 

/o t ia^7ci!i$:-g-tpr ir^mt u-cv^ 0 w^mtm 

ffiJJtliCu, Au, Ag, Pt, Rh, Ru, A 
l< Ti. Zn, Hf« Pd, Ir fik'^ytm^^ts t> 

<o&mm-rzz\kA*x<$z 0 
[0049] m%Wai&i9kfa±.m\z<&&m*mm-i-z>ig, 

-eixSrW^-rs-g-^i: ITIlAuCu^, PtC 
u-&#, AgPt^i, AuPd'&i, AuAg^M 

[0 0 5 0] ^ibtc:^ ±Ebfc3a©»«»gK**3llTF 

Kttv'-cis. mtemkitmmvM&tt-tz&mmom 
mm&mnm t vxftm u. »7y -® t^tt?« 

5;il:J;ot, m^wdiffusive/iffcaSr/BJBl^ r 

mkw&mkcoftmit. ft®m<Dr<amzm<s\,->xm&& 
40 #v4i^fc*. mmmz&ftitm%.t&tn&}m%*t:mt-i- 

T-liT'n -fe^ r =-/KC Jt <3 Ijlffi-eoJttfc^ 5 * -> V ^ 
tcJ:«JJgt>ti--CV>fcMRi|ftt^, *3gK{rj;nff7*nir 

[00 5 1 ] JiiiELfcJ: 0 ft^cjSWWffliftffigtS***^ 
<o&BMk U-C 14. ^* <itl Sw^tMBttfUaJi i: . 
lWE*«tt«t»IHUBSr^LrEllS*bfc^*< 1 1 2®<7? 
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1ttrfE8mi£#i3&*ia]JbS«r££ LTfll^1-5icSi»i, ffi 
iER&BH£®«:±i U"C#j«i-55E*i:*H*t?*>5» 

[0052] faom&mk l-c»±. 4>#< itno# 

4< it>2®rofiH4®i:, MIE**S*<o5*>'>fc< £t> 

< <t fc— ***1-5«««ffi»*fl.h®i:«LTE«£ 
Ag, Ft, Rh, Ru, A l , TK Zr, Hf, P 

loo 53] **Wfc*s»t*«*«tt:ja*rSfi±Jii±. it 

H8i-5. fliJili, CuTiteS¥34-Cf±CTxliC o F e-g- 
^wte^raHSaS/hS < # 9 — ^A u T«fi®¥3&-? 
liCoFe -g^ote^-fWRBas^t < Tie K> -f-#*5 0 ;W: 

ioT, !iSl^Lt(OCo J ?CoFe-&Mt'roCo 
5RlBEtt*mSrffiJKiilr*3*41^f-|K]|W. -*-*fo*>d (1 
1 1) ft^KPH&O. 2 0 5 5 — 0. 2 0 8 5 nm(75$S JO 

[0 0 5 4] ^ t 0 ^/uy^(Ditti±(6]±^EIS 

t^^ K y/< !>y ^ y w-Mt UTli, /Jv^S^-ft 

J: 5 ^/Jvffl^fe|?.<D^tcM LT t,am«)T"fc 9 , _hi£ 
b fc J: 5 ft&JRJ&ro;«SJBI^-&&® A» fcfc 5 tt$ttSSi& 
^r6]±JlS:iSffli-S^ttcJ:oT, * fcfw^UT'fllS: f 
c c (ill) Efa£*. a^llJlffirtfcis»t*ttAttM 
rotefiEffl^AwpftSr 3 0 SWrt tt5rii>s-?t 

[00 5 5] *fctt, *3SW<0«««ttS**J|| ; F-H:. ± JO 



#K 2000-137906 
/<* 

i£ LfcC o F e i: WB£2£A u - C u -g-&^A u 

TEB § itfc^fc < k <b 2 ® OBSte® t 5 ^ f > 
*TE^* < £: t> 2 ScO^tS® <o 5 *>s ^SHKIftc J: 9 M 

fcj}m&&iki-z>mmm\-3.f cc am ei^ltjs 

f, A^d (1 1 1) te^MR5#0. 2 05 5 nmSti: 

[00 5 6] ±ifiUfc«*»tt:«i**^-ic*svx-c, 

I©d a 1 1) te^lSIPHttO. 20 5 5~0. 20.8 
5 nm<D&WX'ibZZkfiW£.V\,\ Sfc. fl-SB8£|?.(r 
i 9 »ft*l6l*«fk-rs«ttJitt, M;tliC o £*:I±C 

[0 0 5 7] K-^KSCfE^fBtt, _k 

L-XMffc £ titi±.Wm% is—* K® k *^ffi-tZ> r 

[00 5 8] *389§ro#lfcS#ffiM<aB&3C~s' Kli. TflS 
K® i , MIETfl!l^->-^ K®±trTffl!llf 

<t 5 S^-^ yKt, flfria±<B!l^ ^ K® t * 

[00 5 9] *«?q«75iK^ v KT -y-fer>y y li» Jbffi 
74#k. WIE^y K^9W y*s*WR$ixfc^'<>">' 

Y^y^^k^MMT^^k^Wk VX^^o 
[0 0 6 0] 

[0061] *&W(omt&<Dmm\z'o\,^x3!im 
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(Ms *t KJ:o-C*«ft«aErt±*jmt? 
[0 0 6 3] Jgl^S^LT. *^*«aEii*B»0V< 

h 7 7 7-^-7 f (??fit 4 5 ^>"e, s< 
-Y7^^yhS: h7y^7r^-^ili^t 
ifcl;t>ot<5^t ^**»c:Hll^* o t < £ 0 /Mr 

<htl^<^ofc«9-r^ 0 20 
[00 6 4] m2<DF$mtL,X. t**S»T*7y— IBS: 

[0 0 6 5] 0 711, K±OT*bfc.2o<onBHS:RW-t- 

b. p. =50X (Hshift/Hs) +50 

Hshift = — Hin+ Hpin±Hcu 

Hs =Hd free + Hk 

Hd free =7C 2 (Ms* t) free/h 
= 7C 2 (Ms * t ) p i n/h 

= 2tcCXIs/ h 

= ( I 1 ~ 13) / (II 



Hp i n 
He u 

C 

(i-i) ^b. P 

T*tf-OV [%] XfoZ Q MlM'^ T is Ml 5 
0%-C&>9, i 4 0-6 0%^ffiffl 

:*ibW&iifH5i, hy- (#*t*W4) 

[0 0 6 9] /W7^W >- bfckTis* h V—<Dm& 40 
il, /^7^Wyh^4 0%tC/^o7tt#trHTv'> 
h y-^5+ 1 0%lC#i9 % /M7^^Vh^6 0%^ 

ftofcttlCfl, h y-*s- 1 o%a*«c4*. 

4 0-6 0%T1i4<, KILL 3 0-5 0%jMHMK £ 
[0 0 7 0] B8tt % fHE±^7^^Vhffit^ 

-5 o%<7v<>r r*#>r v Mfio<k#tc:n, Tv^hy 



U IHEI (a) fj:7y-I^fv^, RIBI (b) 117 

y — JB^v^a^-tn-en^b-ct^o -fcifibfej;? 

(HsW<45) , SfcMR«ft* 
Wts:tH, A Vj&*/h£<fc5£i^5, 2oo 

[0 0 6 6] _biERSBo5*K #}:/W7^Wyhl; 
[0 0 6 7] ^-fT**^ >- hi, :?y— JBtw2rafc>3« 

*fc^«IM£<fco-C\ C/7 hf^ 0 :^)v/7hlt 

i. (Hcu) , 2. t o ^mfrt><Di&mR (h 

pin) , 3. v*ft\^t^\i o ^mfrh<Dm?%'ife^m 

# (Hin) , 4. ^-hVMT^flt^&^JBiftBMIt (H 

hard) ofnt bT5£fla-r5r:^^-e#5o _biai— 40 
«iw>*-c\ 4. ^>/n— hv<>fr^«»ttjtiRW/hs 

tt, RlftWtfc. ^0ffl^fc/>V7^^yho!l- 
[0 0 6 8] 

(1-1) 

(1-2) 

(1-3) 

(1-3-1) 
(1-4) 
(1-5) 

+ 12 + 13) (1-5-1) 

4ot, ^±fflv^:^^4<4otU7o 
[00 7 U H.hiftfl (1-2) *-C*S4x5J:5 
i-, 7 y— JBt-*nfc>S#fitt#<0fD [Oe] T-ab5o Hs 

mzxhz> 0 

[0 0 7 2] H9I4, cn?>^#«»^B8«S:*i-RM 

[00 7 3] Hd fr «M4, fcSMR/M 
m<D&M^XhZ>o hit MRM hS [/im] "Cfe 
5. Hp in II, t°vS^^7y-®{^D^-5t: 0 ^^ 

#T^fo5 0 (MS*t) freell, 7 |J h-^/UO 

IS?D^|?-Ms<!rKJ¥t6QaT-fe«9, (Ms* t) pinflb? 
>>m<D**y h<D\?l/m {^1/^4 AFWS^Ctt 
±T^t°^oK^j5M^) ©ftftSWkirlBWoat 

[0 0 7 4] Hcu fit, ^y— «tciOtoS«SIEBS»t?fc 
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9, Isli, -ferv^m^ [mA] (1-5- 
[00 7 5] 12101*, ^SSrSftn^SSfL^Sftli- I a 

Ta5/N i Fe2/Co0. 5/Cu2/CoFe2/ 1 rMn7/Ta5 



(11) 000-137906 

ins 3 o%— 5 o%<7v<^TJ*zK-f ^ b{&<Dt z *>&t% 
■e#f>nfc/^r^7K>r vh-e3 o%~5 o%tv^{t 

[0 0 7 7] ^Tica r ^^^T'^0? 5 nTV^5^fc: o >' 



/0 



Wfiinm) (1) 



±e (i) i±, * t o >>s</u7<Dmmm^$:^ u 

«J«i-S7n*i:JB« (nm) £r3tLTV>£ Q :wttM 
[0 0 7 8] _h3£Lfc (1-1) — (1-5) 5£<7VW 

fiK (i-5) «:o«»t«»-cS)So -t^afeti:, (i 

-5-1) *©«l»flUtC«r*»*ri:36«Hli-e*« 

X^SrtT^^^^J:^, Wt»»fcC«r»flCJ:<*ae>« 
[00 7 9] ^if <7>J£lgft£#&Sfci6ic x _bf&»/£a> 

icgp b/cffi t tttt b ft v ^ & -efc 5 o £ . 

OHIt*T?*IRilRIC*t3|s|.KUT» 

[0 0 8 0] r <?3#ft-e**fc#/l^tt:«0tf± % ££ a H 0 tt 40 

^^#--e#*fc (l-5-l) =£<a«8ft#ffiJfcCJ:!> 

[0 0 8 1 ] «±0^ffi^i5*»Olt«gtSr.*«>fcte 
NiFe|j:20^Qcm , CoFe|j:l3^Qc 
m , ^-fCuli8/zQcm , I rMnfi250 
ix Q c m<bfto/c 0 ::t\ TltfiCOTa (^V^U) 50 



< :EmftfS£#:tf>5 t ^s-e* ttfriiztzito^ 
1 00/ificm<bffi^UCo wfrb^ffi^/B^T^Jf <7> 
m«#&EJ££*#)T, (1-5) a^J:D«!lB»#Hou 
«rtH*Lfc« 

[0082] *fc v Hin^fii:<h l-ci±, mmm<D2 5o 

eSrfflV^Tto Hpinfi (1-4) SfciJ: 9*:£>fc 0 
[00 8 3] ^^BtWfifc-eH:, fcTvJBJS^ffv^**^ 

Hcut^c#V\ tot, /M7^yhORI|-fSt 
U"C#*bix50tt, *#ftHpin£*#ft«ffi«#Hc 
ut^tyt/Ht/W7^^yhB8tJ:5t5: 
£:*wft£ 0 

[0 0 8 4] ir>-^m»E^4mA<h LftkZlZ^ ±|5<£> 
MR height 

0. 3/im 7 0 % 

0. 5/im 6 1 % 

0 . 7 fx m. 5 3 % 

5Kl. MRa^ hO. 3-0. 5 v m 
T^i^-fT^^^h^6 1-7 0%trfc«9. ffg±ft 

[00851 Hlllt *ltlS£0iJ^jott5^r^^-f 
S:^5 < !:^7^^yh^7yf7xni| (5 0% 

R^Hia»flf»l:J:otff5fcft, 4T5b-Ct>rffe 
o|^t'tU5o w^J;5 4MRMhwtf5)Of{: 
±ot 9 io t IS 5 : i: ^fc^ 

So wixtt^ttW^^^tf, Ell ICS UtipC 

# ft tr^»jft«*Hp i n ft«ata*Hcu -e^r-^ ^ 
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[0 0 8 6] ^r^#-Y>hK*KK:t*Jt«W! 

5 0 . JtlftM 1 ^fflffig-ett, a s - d e p o (as 

-deposited : *B8{Lfc4*<0*li) fMR$ft¥lil 1 
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[0 0 8 7] Sfefctt, rO^tr^/^BtK^v^-ctt 
ftotttV^50"e, *i?>v< 

(ESD : Electric Static Discharge) <D&frt> 
tHfflM-Ctt*v\ ±<fcjfe;hrci*S<fc ESDI* 

ttttM2 : *H#ff^5 4 2 2 5 9 1^ (^fcT^-f A* 



Ta5/Cux/NiFe1.5/Cu2. 3/NiFe5/FeMn11/Ta5 (TOnm) (2) 



2 6 3 7 3 6 0^ *S^ffm5 4 2 2 5 9 1 
#l^!g5 6 8 8 6 0 5 if Sr^lf Sr. £j&S-e#5 0 
[0 0 8 9] ±15 (2) *H#fPM5 4 2 2 5 20 

\f^s</\s-fJg\zte\*XYZ. 7JI — M<D^-<— i^c u itt 
R#«te:»bfcCu»«:«< LTVK r iciot, r 

ft^±#tt^#, 5 P*&i*tTSW±lwCul*S:15:< 
i"5£¥«ft5'*:'MifcftoTb*5fc«>. &<5Cu 
ST'MR«^t'-^^^ffi[6]?:to 0 ^^a*Sr 
fflV\TUi, JtttM 1 T-cO 1 o^PpmSfcofc. y 

[0 0 9 0] U^b*d«&. *i^Ifg5 4 2 2 5 9 1 JO 
#lw£<5<_hE (2) ^^fy/^R-Cli, s<JTX 
W^K ^^t^MR^b^lffRittiv^^. ~0<73,£ 

[0 0 9 1 ] *i\ /MT^Wyfa^EMl 

Tli, *S#f)F^5 4 2 2 5 9 1 »<fc9MlB»+fcttil* 
»4E*tM«Wft^t^<BB*sn-C^<ev^ ^b 
(2) oHttMJEJtlRo^y K-CtttWe#4v^S 

[0 0 9 2] *Tmffl£#Hcu£r, Jfc«0Jl fc£<ISI« 

ffibfco *<ai#*>#/IOfc«0i«J: bTJi, Tattl 
OO^QcmtteU F eMnlt2 5 Q cm, N 
iFe|j:20/xQcm, I^C ute8 n Q cm, T 

«Cuttl 0 fi Q cmi:||»W«w*4ofcffl[S:fflV^ 0 

ir^^m«Jl4mAi: bfCo Hmteol^TttEifc 
tfSftV^ 4&H*0ttttl;z bTl 50e- 

2 50e«|f)tlt J:ot::m Hinlr20Oe 
bfc 0 

[00 9 3]fWX^ h7>>^t!Tw = 0. 5/x 
m, MR height=0. 3-0. 5 *x m<D 1 £ Oil5«Sffl JO 



-e<O^S:S2^i- 0 

[00 9 4]i2: TJftC u W*^ttM&<DYkMm 2 



MR height 
0 . 3 m m 
0 . 5 m 



Cu Onm 

1 2 6 % 
1 1 1 % 



Cu 1 nm 

1 4 3 % 
1 2 7 % 



Cu 2nm 
1 5 6 % 
1 4 0 % 



v^fti\ TSfiCuff^cic9*&-efi, Who. 3 — 

0. 5 /xmT\ /^7^«y M>1 i io/ 0 - i 2 6% 

t * s vmjjtf t ftft 1 > ct 5 ft £ r. % i;:3fe-c b£ o -c ^ 

[0 0 9 5] Bl h^^^r— -JXtth 

oH««:*bfc*a:ia"e*S. Hpin^^tv^fcA. M 

SS-^ o ©ttiB-exM r ^ tK-t ^ h ^s^^ft 9 /<— bfc 

fcw*k:*-Cb*if\ -ttiSr«*«E»^J:oTft^i:^ 
5 o%co(5 5— tor r£ 5 ^-fS^ti-irftSo b^b 

ft, 01 l3^5^:t <ft!9, (1-5) S^J:9 

»?>ix5«SfEK#Hcud5/hS<fto-Cb*5o 0^9, 
^tftHpintc^fb-C. iS?fRl#co/jN$ftHcu^J;o-C^ 
-YT^^>-h4r5 0%i£«i:3l*Tlf5ii:fci9, 

ffl«4otl^o $5>Jr, T«Cu«t:ablf*fctt 

[0096] ± 5 ?mm*mtetz'&m. G u r n ; 
e y#fffizE«to*>*j:5ft«rii-ett, ^<-fr^#^r^ 
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[0097] £*>tw, m r mtm<omm& t^^o m&fr 

b?+Xh. #H#fF£5 4 2 2 5 9 1 »OJBttt*fflW* 
JRfcttftoTV^fcVN, a s-depot^MR»t$(0 
«tt*H«ffFIR5 4 2 2 5 9 1 ^iE«W>*>5 J: 9 \Z X 

[00 9 8]», Gu r n e y«ffO||ll6WO»t 
(Jif2 (2) cojgi) JdJ:5iilti-5i, T*CuI#l * 



(13) #12 000-137906 

* nmC0<J:#iw a s - d e p o ^MRtftW 1 . 8%~e 
0. 8%*-C*ft-*-5. ^KSB^SJ;^ r 

lfc«fi3|3 : 0-2 6 1 20 9^- 



Ta5/Cu3/Ta1/NiFe5/Cu2. 5/Co2. 5/FeMn10/Ta5 (Iffidnm) ( 3 ) 



t&mW-l 0-2 6 1 20 9-^Kffl*^BH^Six-CV^5± 
IB (3) OJR-CW:, Ta^U7y-Il:j£gt5C 
uVtVhS^ Jt(RM2"C^Lfc*a#ff»5 4 2 2 
5 9 1 5 CMR^fc^(7)^t:V7^/^- #J^§: 

5/* h V-& , £j££ltZ>Zb&&6bb L,tzh<DXfoZ> Q 
L^Ufttfb., wO±5-4«fflf±, (3) tf>J«(a±5 
K , Jt «W 7 y — JS ^fv MWfcfcis v > "C tt+###ifc 

Kite, /V7^#>fyh, :J3J:tfMR*ft*fcv*5j<5 

[00 9 9] $1\ /WT^^yMco^TH Jfcg 
0iJ2<7) (2) OJKT^bfcJ: 5iw % ffi*:7y— JlSrffii^ 
tHi#**t/J^<ftofci^, «SEK*HouS:(6a 

7^WyMiMT^^\ -LIS (3) <D«3t*s*S» 
-efc£ 0 -bis (3) oKflf^-e^y— ji 

yF^ISttiv\ 0^19 (3) <D«rit<DR^*»« 
^/C^-rifefetr^y— JHS:4. 5nmKTl:t5 

[0100] -eco- ^^^-f-fc^i^:, H-gLtw.tD*^^ 

[010ll«3: itg?0ij (3) <nmX<D'<>(T*m 



MR height NiFe 5nm 
0 . 3 n m 8 6 % 
0 . 5/im 8 3 % 
0 . 7 ixm 8 1 % 
^r-CHini: LTfi. 



NiFe 3nm 

1 0 8 % 
1 0 4 % 
1 0 0 % 
1 OOe <bl^{0l£fflWc o 



£«^5<h:, VcMim (3) (0»^J||-ei«t)*tNi F 



IN i F eBtff^3nmtI<45t*t*t^7^ 
[0102]Hl3tt, T^sK^f 

Hp i n -T-<X <D& VW- * b 1t b Z *> tf*-tf u\Ztj:Z>b£fc 
Sl/M7^^yFS^t\ _bffi (3) co^it^J: 

[0 10 3] SbC, -bHS (3) o««as*-J-*IK2jK 

%bti^\**mfzz btfxz % 0 (3) 
*m£<ffiiWM <t 7 y -m<nmzffx£tix\,^-itit>, 

y-giw/^ofc<!r GurneyftfFTifb 
*VC V ^5 J: 5 4MR <DX fc° V 7 ^ jufr — fejx^ 

t5^;*7y-f^4. 5nmEJlTO««m 
(3) ^ffi^(^lT1j:MR»«7 tT^ttf 

[0 10 4] EJL±2jR^>a*fc±5, -biE (3) <^«5§ 

[0105] it^CT4 : xt , y7^y^-/j;txv'yt 
7- << y 9 A F 

Ta5/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO, 9/CoFe2/l rMn7/Ta 
5 (*ffilinra) (4) *ft(RWtr*5l^Ttt. t?># 

^3 Lfco Ru (/UTr-^iO Sr^Lfc2Ji^3iHBtt*tt, 

7Vf7xn^^7'y >^ (RSttffitS-gO bTV^-5 0 

50 to-*o»ttti»sa»ffl»i:iot-*iRii:if 
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> MilT^fyf^Ms * t hco^r— y >- 

-169O26^§0 o 

Lfcy M T^^yh StU^T- # ft v ^ 
[0 1 0 7J @14lt WtmmiZ&tfZs^ TXtf^f 
^fKK$MSofl|»tir —fl* b < Ji-rnfc i^^>^ 

ft£o 

[0108] *tfc«Mi-ov^to/^ r^^^hifJI 

[01091S4: *«W4 0«OfHIClCj:9»5>nfc 

MR height HcutHpint HculHpint 
0. 3/im 88% 22% 
0 . 5 m m 8 0 % 1 6 % 

0 . 7 u m 7 3 % 1 0 % 

:^HmtLt20Oeil>5««:ffl^fc o ^4rt> 
b. ^ffl^*3 9, SSK*<lf*>b^f6it^atLTVWr 
^^yhii30-5'0 %^ffiSrHai"5 r. i *st*# ft 

[Olio] r<Df#3£-e>^;* h^WT;*Sr#-53MS:i: 



25 



*f AF«3£TU:T<Dfc 0 V/IJ$£^L< , o*!)t 9 y 
T-v^* h/V7^l:fcot< S^ffi^%^b*t«d?, 
««*«^**5HHK»Srt>t>fcb1-. Sfc* HinSr* 

EJ8T-#£b<ftV\, 

[0 111] Sfc, 7y-Io^/<- y-£K*MBW>BDU: 

[oi 12] «±o«t5^. /wr^^yh, iSffi;^ 

[oi 13] W±»jfiufci5ir, JtRffi 
^fyh, 3te^ftKffl^^^t-5^<bfiT-#ftV^V>5 

J0 [0114|@15ft itUaE \sti&KMm<0* tV/</u 
T'gi: i ^ ^ fc°y/</i/y^/W 7^ ^ y h 
o 7 y -JfJ¥##te£Jti& loot Lfc ^7 

3 0-5 o%ooi5Htr^^ 0 ^tt, ««Sr-h^lc:»5 
fc^^ii. tev^Ms*t ^*jv^r, r^lSHrt^wr 
^^yh^#^^fc5 o 

[oils] rni:»tt, *Jt(R«r±. v>-rtLt>Ms 
[oii6] wnwtt, a^»jc-r5*«w^nK 

Witt. Ms*tt:»t5^r^Wyh<7)W^ 
*T/hS<, ^V7^Wyhlt «^»aft$5Hrt^ 

[0 1 17] Ell Stdifc^T, WIll^LXMs* 
t ^ 5 nmTKJ:^/^:5t'fcitli(0/W77 
50 tiMls 0%~5 0%<7>ISiatwJiV^oTV^ftV^S, 
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rfttt, HRi:ttMs*t #5 nmTK107!)- jf£ 

£ UTV^5IB»*ft-eOMR^ h§0. 3/im-0. 
[0 1 18] l>fW:tttMs*t^5 nraTWT^ 

[oi 19] 01611 ±3£bfcit<&m- 4 otitic /a 

*3l^t, 7J- IOMs*t »tS:/h$< bfcWNCMR 

[0120] tt»mi-~4<Dmt. *&9Hon 
mm i com<DM s*tn, -7V —m<DN i f e mm&& 
ttv-y-7fr*mfe\^ % m&mzomYz? 9— m<o co 

iiIi2nm^Cu«!:Lfc 0 7U-l^Ms*t^l 

bfc 0 *fc> 7y-f(7)Ms* t t Itlt NiFeW 
MslilT, CoFe(7)Ms|j:i. 8T^U t^tl 
TON i F eSUr^JBW-T?*bfc. 
[0 12 2] /ifc*f-6*»WiSr#uftv^lt» 
Ml. 3, 4«T1i, 7y-fiOMs*t^S<4 JO 

[0 12 3] K«nfr«t8tl:im20R-CftMRK 

«t^lC*&JRSr^SftV*F eMnS:ffl^t^5fc«), 
^n^^iR&atCWi-SMR^k^BJRfi^iSl^ r 
Oct 5 4/hS4MRS5ft¥-CH iKffift^OiiSttJASra 

[0 12 4] tt:ttCT2, tt:tt0O3O]RT?tt, 
u<h^y — IN i F e k<Df&\£0. 5nmOCo^L< 40 
nc o F e Srif A-rSt, 1^2%*5£l3l3*<E>ffi < fc9 
Ms*tl:*ttSft#ttliNiFe» 

m<D7v-m<DW&t£t><b'r, v>fniatt7y- 

[0 12 5] *?BM^J:5 7y-Jltr»Lfca5* 

^Jf £3ri"5 7 y , »ft«Sr*-t-SR»i»i±J«Sr 

6 0 5nmT«tn/hS<4oti::5t\ it«E 50 
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Mfc<&MR*Yfc*OSa«** < 4«ii#»^5 0 
[0 12 6] J^Ttw, **W^«««a3»*SR^.|co^ 

[0127] ea 1 w:, *«w^»««sta**^o»fBff 

Sa*3R^J±, lOlt, 7y-H02^ * 

y-s 1 0 3 1. mi <omm»m xoAt, m&m 

10 5^ 12 <D%mfeWm 1 0 6 t . SS*«ffiR 1 o 
7££«JiLfc«/&£*-r3 0 
[0 12 8] roW/sfcfciJ;^ &\z % -7 9— Ml 0 2£r 
«»ftbfcr. irKcfc* h7^7r-*-7±Ms^ 

SftttiLT, H P in-Hin=Hcu£|l3W-3r.fctwJ: 

Sfcfc, -«Wfc:«*:7 y -l^S^CIiSMRtft? 
**SIU:< < Aff*MR»t*oa8«HtS: 

[0129] -rftfo*,, *38Wo^tr^<^JBt»*ir 

~Hi n =Hcu ^^mi~S - t K H V £#£'<>f T * #>f 
>h^HS,-e#^ 0 Hpin, Hin. HcaO-T-<-C^/h^ 

[0 13 0] *i\ Hpintr^fbT^, WIESB2^3aK 

«Co»^J:5t>^«Wwft9, HpinSr(S«t-e*« Q 
[0131] rnfi, (1-4) S^tt,, fc°>-;f 00 
(Ms * t) pinSrifiKS-erSr i*5Hpin(E«ofc*ir 

[0 13 2] b^U4^b, g»7y-I^/W7^7K 
>T ^hKtFofc*lcr±Hpin«*tS:(fi»*UTt^<** 

S:SEixS«aE©«flE»*0+ «E>4r:7 y — JBtziE<5*t5 d 
9, (1-5) S;, (1-5-1) s^*3v>-c, h^/ 

RSE^*Srj»»-e#5wi:»w4>5. o*^ v 
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[0 13 3] Hpin-Hin=Hcu 

V> 0 jSflRLT, 0 — 2 00 eg£<0$6H<aHin-e 

[0 13 4] 13 211, *^J(D^tV/<;uyK:io^t 

t^n^ h7y^7r^-^wiit^s 0 mm? 

Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 

\z y cu <Dmmzmto£itz>&k\ ci-s) ^<dc<o 

ffias* S<45ril:±ot, «Sft»# He u s n 
TVKo 7y-IiDtJJ|||i:THIi:Ot»»»t 

[0 13 8] r^T% «aW»«:flH*S*TV^a^i:* 

H P in-Hin=Hcu S:^!9 5:^-tt5r tiaot, /<>f 

So 

[0139] «ffK»oflUK^&r« t&m&mmmm 

Cul^i?(i, *#*ffiH-ev>9t, 0. 5 nm— 4 

mmm< *5i*ifHt^/>$</j:oT< s*:*, sste 

KJS-C%iSwt^-e^5 o flJxJi, Rul. 5nm/ 
Cu 1 nmtV^#8ttiSilS^*^(t H»W^ 
*fefcltfiSittRutt3 0 fi Q cm, CuiilO/xQc 
miOt\ Cuift (1. 5nmX10MQcm / 
3 0jzQ cm) +lnm=l. 5 n mt@^ (DC uljBli 

[0 14 0] ^^(j^^^JS^ffl^fc^tcH, UK 
M^*«>fett:ffifeti: tt, CuiilO/iQcm, Rufi 



J0 



*fc** Ho i n - Hi n =Hcu <OKff*s Pl«g t fto T*3 9 , 

zk&XZX\,^Zo £b\z s iliil[:J:5^t 0 y7^ 

nMRmtmt>mwxzx&*). m2<Dmi&hft&±% 

[0 13 5] fc\Z % TXtfj > bz&fe-j-z&m 

K VX £ h telMKcKW+So 
70 [0 13 6] S1\ teHcuKo^TIft0H-5 o WOKE 
L/cJ: 3 **W^^v^Ttt7 y — jf -^irii 

T, (1-5) aic*5Jt«C<D«Sr<ft»S^ S5f£B£# 

* [0 13 7] 

9/CoFe2/l rN!n7/Ta5 (TOnra) 

m, I rli20/ificra, Rett7 0/iQcm, Rhli 
2 0^ Hem, Pt(j:40MQcm, Pdli40^Qc 
20 m, A 1 fi 1 2 At Q c m x O s fl3 0 u Q c miV^fi 

^±iE^jtsgi^fliS:«v>-c, cumnnmmtvxft 

[0 14 1] tt«E«^HbTttWL,fcJ:5^ ^<7>tt:& 

J0 [0 14 2] ^fcHcutt (1-5) 5£T-fc>/^5 J; 

7 y -® \z# L "C-bS i TS k <D%ffi&mA£\z iotft 

[0143] fm&&mnm&. nmm^H^ismtt 

^ s ^ 9 ^ztizftLfo^^—y-nm * Mi 5 

^-tflil. 5nm-2, 5 nmg|^ b 

[0 14 4] 7V —mm*? ^(D^S 

50 &ftm£<0\±m<, Ty^XV>'<D¥-%l&\jaftm£*)& 
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fcf:x<05pJ$e*fTSttl. i nml|4«)^ NiFe 
(7)gi?<!:ltlilnm-4. 5 n mgS^ft fc if * L 
< , C o F e <£>4§^fc:i2 1 n m- 3 n raiS**t»* 

f:7!J — Jl J¥riS»V ^5 if M R tf> fcT— ^ Sr £ 5 ^^Jf/? 

oFe2. 5nnu Cu^f|2nm, 7 ]) 
C o F e 2 nrn^CIl i«*Sil:C uSrffl^cS 70 
2 n mSff(0 1 : 5t S: 1 5 C S»±7y 

X\ -t<«fi#fc:*5 «fc 5 id*«tt**««^JBtff SrR« 

— ? /^m*±, ^—i/^tilsbbX 3 nm— 5 . 5nmg 
LI 

[0 14 5] tfcK. HpinteoV^-CRW-t"*. Hpin^jS: 
M*i^^fc^tC(±, Bs^i. 8T(DCoFet*I» 20 
*fcr^»Sr»2 nraHT (N i E e&3Tt? 3. 6 nm£t, 
T) , Sbi:a*L<ll*»»«^»l nm«T (N 

iFePTl. 8nm£TF) LV\ 
^cDt a ^^m¥S^ tttt, v/ytf>fy^AF« 
StrtSS* bv > Q ^ntt«*tf R»«tt«/»«14flt 1 / 
RuO. 9 nm/S«SB2 i:V^5**^6*9. 
Ml tSSBtf^2^»«ttM^««e-&LTt^o 
R^KteMlcHe^Lfc-^oMlBttta 1 fiS^^tt^i- 

*#i^a«), — RiaBlfcL-C* &G&ttj8l l com s * t b 

4t5i%ie>h5 (#S¥7- 1 6 9 0 2 6^ 
IB) o 

[0 14 6] Mxfl I r Mn/C o F e 2/Ru 0. 
9/CoFe2. 5 (BWoJMfctt n m) £1^5*/*-? 
l±H3bW*tT^W±2. 5nm-2nm=0. 5nm 

(««JBB¥f±0. 9nmT) £ ^ 5 C £ l£>£5o H»tt 
fc^JiJJjWSJfretS^ (1-4) 
5tc, Hp in 5» :^)J:5^ >:x-tr^ -/ 40 

[0 14 7] Hin^ov^KM-f5o /V7^# 

U- £ LT<£ toftS C u JBoff $ £ fc*t» < i- 

ff-e^ftM^Hin^fflt LTii, 0-2 OOe. £h 
fctt*L<tt, 5-l50eS«l:»i5:i*aSL 
i\> *J8B«)-ow)(f»*fti LT. *^-f*^»^£ 
#-Ct>HinS:*«*:3-fr*v^J:5ftB!«fi£fc L"C rjfT 50 
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[0 14 8] MR^t*60iBJfttttwOV^TRWf 

tt*^:7-</u*--S&*£ L"C<Oft»Jtt>?>^A/fc5 
^ MR«^fc*<OiiBiiatt*i^±$^5iv^^t*fc 

£-C*<*5£. #IM£K«U^h— ^/HRIV&L 
lnm£ilJhli^fc5:W*^ofc. W*.tf. 
^KttiKWMdSO nmOi*l:tt, as-depo<D 
MR^^ir^nir^^Sm (2 7 0txi0l$ffl) 

t\ 0-30 r t *s-e* 5, 
[0149] $ b\zzfttc:\fxft&fZMRmkm&m£ 

6. R3Sl«tt]BI*m^«-efcS. E»BH4«£L-C F 
eMn^^^TV^^^ ±ffiCOf!ft^t^ 3 0 % 

o^t*^^ 0 RamawmfcL-ci r m 

nSrffiV^TV^5i:#^tt, 0-1 5 %<D&ikm&XiJ£M 

t^tta s - d e p o<Z5MRffiffc*ttffl^Fffi«a** 
*>tfia I rMn^a s — d e p o OMR^HL^DfilL o 

* 9^£Mt*o%4:li5H-5 r. £^#5 0 :n«, Bl 

I rMru PtMn, PdPtMn, RuRhMn 

ir^iJPJLfco 
[oi so] B4(i, J^±.co^ btbb tt, h y 

1 0%— + 1 0%. «9 X /^7^*>fy h 3 0 
%-5 oyoSrHa-f-STt^co^v-fe^-f y^AFOfy 
Si?ir, *«ttK*«»ffiO**WftttHSr*Lfcy 

7 7g|-efe5 0 rr>^ syj -f-fztt mm 

±5. (V1-V2) / (V1+V2) ^rtlt^o 
ox, rrv'* MJj&s- i o%~+ i o%j bit. 
r (V1-V2) / (V1+V2) Offiri^ -^-r^^ 
0. IJWJi^^^O. IJ^TJ X~hZZb\zttfcir& 0 

[0151] Hpin-Hin=Hcu *m^l-t%fz?>^. 

Hp i n < 4 o fc <h t tcte, Hcu t>Ttf ncJtntf* 

ib^V^ oS9, St (1-4) , (1-5) 

i/^t f y ^ A F 0±T^) ^ ^1 ff ( (Ms 

* t) P in«r/h$< LfcWicfi, ^Ki4ii5^mSora? 
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(Ms * t) »\**±%£><D 

[0 15 2] -»*fcy-r y^AF«r»riti- 

5ffv^^Jloffl05Sr t m (pinl) , m^^M<D 
IfSftm (pin2), #NttttX9rU^KffSr t 

(HCL) (itffifitl 0 /z Q cm(DCult:«SU:) 
£ Lfc£#fw> 0. 5nm^tm (pinl) — tm 

(pin2) + t (HCL) ^4 nm, fro t (HC 
L) ^0. 5 nmSriBSi-5tr.5^**M^J5BB-efc 70 
£<> w w~C\ 0. 5 nm^ t m (pinl) — tm (p 
in 2) +t (HCL) l^rx^yh^3 0%i£ 

m (pinl) - tm (pin2) + t (HCL) ^4 

y#- 1 0%ic#5P!^T-feSo 

[0153] -C, tm (pinl) - tm (pin 
2) H Ms^lTWNi F e^ife*Lfc<k#<a««UBI 
ff-C*)!), Wttf, P t Mn/C o F e 2/R u 0. 9 
/CoFe2. 5 wV^^Ov^irx^ 5/ * AF«5S 20 
<Dt$\a*s (2. 5-2) XI. 8T=0. 9 nmb 

Sp i n«3t<Z>*&^tt. Vlp i nM<n (M s * t ) 

[0 15 4] ^7t, t (HCL) tt#ttttiKlU$:C 

«JB«rffi^*»frU:tt* W«bfcJtttttlt«:«v^-CCu 
^»co^{ci-5 w £ 5o 
[0155] Sfc, t (HCL) ^0. 5 nmll 4. 

t\ ftmmm9m<Dmm&3nm$i±\zft&ts ar 

s^ST-r^m^fc5(OT% t (HCL) ^3nm# 

£lt1~Z>(OX\ tm (pinl) - tra(pin2) I 
3 nm-Cfc5:t^IS LV\, 

[0 15 6] B4^*3V^-rtt, Wi£LfcJ*»Ml-4 

v V Lfc 0 ::t\ i^^irx-f y^AF«Jfto»&^ 

Rfffc-^ -J-*ffi!Kw£5 ww t Lfc. >virx-f s/^A 
[0 15 7] RB^&M4J: ltttOTtt^TA» 
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* hya****^ WWr^# 

[0 1 5 8 ] K±tt«bfc*38M»- ±«u v^irrw^ 
^ AF^«t5/hw*H P inSr. /h$*Hcu tot^f 
^ir/ut~5, o*9H P in-Hin=HouS:||^-^5>"<'f 
T*;tf-r:/ MMfi* «»7 y— Jf* t tt V/</u^Jg(-# 

(UliCTl) h^SFSV (NjFe/Co(Fe)^y-M) 
Ta5/Cux/N i Fe2/CoFeO. 5/Cu2/CoFe (2+y) /RuO. 9/CoFe2/l r 
Mn7/Ta5 ( 7 - 1 ) Si\ K3MB»M(a< 7 y £ 

[oi59]@5ii *mmm<Dmmm9b3km*<DM f 
i , y — jg io2, x^—v-m io3. ^?ar 

1$^, MtttV11 0 4, 1 0 6^, 105^1 
-rS5K«ttfi9fce*b, 1 0 6 ^fcr^Jl^RSMKttJB 1 
0 7iaot-^i:if$HT^^ 0 E»SH4*l 0 
7^±l:tt, ^t7/Sll3«(tt)ntt^o (7 
- 1 ) «>«t«ittt, ? y — JB 102^1 10, 1 1 1 tf> 
ZJB^Wi«*»6>4 5 , JHttttilE4MM l 0 l 

[0 16 0] (7-1) (DmU. CuTi&ia^MRW 

■fcTM AFK«fc5Hpin{£«3b*S:ffl^-<\ MR <h 
/ W 7^ ^ y h i SrW4 L/cK ^ ^ 5 0 :^)B:6il 

S:^S5lOTt c 

[0 16 1]*5 /vr^WyhfUgi 

(a) y = 0. 5 Hin-20 Oe 
MR height x = 2 

0 . 3//m 3 7 % 
0 . 5/ira 3 1 % 
0 . 7 m 2 5 % 

(b) y = 0. 8 Hin = 20 Oe 
MR height x = 2 

0 . 3/zrn 4 6 % 
0 . 5 ju m 4 0 % 
0 . 7 m m 3 3 % 

(c) y = 0. 5 Hin = 10 Oe 
MR height x = 2 

0 . 3 \i m 4 2 % 
0 . 5 ii m 3 9 % 
0 . 7 ti m 3 6 % 

::t'TiCufit 2nmwLfc 0 ¥*6**WSoB?>ff 
ti^6ft5*JI*CuT««)fc wi-f^Hin^2 OOe 

AFcDt: o >/?M^0. 5nmTW^7^Wy 
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5 (a) ©»*^bb^5. rn-et5te»Hffitt4«-e 

*>5#* y = 0. 8 nmtHpinS:« :z plS*S-frfcii-& 
3c5 (b) <Df&mT~3bZo :nCiot, 3c5 
(a) wj; 5 l:/V7^^ > h^r y^»:f n 

*wt^t6Jc*5. Sfc, S5 (c) Hin 
SrTIf Tt WW«^^ Txtf'O'b Srfiff*ffl^i-« £. 
fc35*-C#fi. 315 (a) , (b) <t (c) Srifc-<T**L 
tf9!*>a>ftJ:5U:* Hintf/hS^iapa** /^7^W 
^b<D/^ hft#tt#/hS<ft*fcft, Hmtt-C*5« 
*tiBEMi-5^i:^H*UV\ v^-fer- 4 A Fffife<D 
JbT t° ViSMfi/jN $ V > (5 5 Hp i n $ < ft !> W 
b&Wmi'h£<t£ZAK (a) i (b) (DO. 3nm 
CfeV^^M-ettfitAy^^S/iV^T?, y = 0-ln 
m(Ms*t=0 — 1. 8 nmT in N i F e) ri* 
»*L<. S5>twa*L<tty = 0-0. 5 nm (0- 
0. 9 nmT in N i F e ) (D$&mfc, T 

ici^JxT y 4>VL<DWm& "TIB"?* 5 fcfrm-Z Ll\, 
[0 16 2] TifiCufftt^-fT^^^hSlfitirt 

uJ5Srff<-TtL«Hc u^/h$<ft£;0^ ARsW 
LTb£5fc#>, Cuj^O. 5 nm— 5 nm, 
b<f±0. 5 — 3 nm^if^ UV\ MRcO^ t°>"7^/U 

— S*** s » ^ ft 5 Tiffi c u J¥<7>IKgjp: $ tejpi > 

ft7U- JfOjffi/P^PriM nm~5 n m<7) £ # ICMR^ 

[0 16 3] (7-1) co J: o tt:? !) —mffif&<Dm&\z 

ft, TttCuff^O-^l. 5nmtt1tCuI«J)[II:j: 

tcJ:^R s<S«(^S5b*^t»j: 9 ir^V-tr/uU A R s 
tt«t//ifaE<MS*lf\ 1. 5nm-2nram AR 
s#$J0. 1Q, 1. 5nra~3nmm ARs^ 
0. 2 5Q«*LTL4 5o A R s <Di&T&*:CDik^& 

S£L^4§^i2, :o7y-i«^ TitiJCui?3 

fcteTLTi^Sfc*, A R s 0>(£TK ±3 W^fSTS:* 
««*r*fcfc:tt1- r t@«t5fS^t <bft 

u/SSrttin-t-S^ttr.to-CAR s tf* 1 0%ffiTLfct 
#twf± x piJ^ty^i;ffi^miWlfi^)4mA^ 
h SmAimr tlr ±ot2 5%iSAPi--5<7>-C% AR 
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[0164] 7y — JBffriSflfj, ^NiFe4/CoFe 
0. 5 (nm) <D%r&\a^ T^CufffiO. 5 - 2 n 
miSWSK, 7J/-I^i^NiFel/CoF 
eO. 5nm^i:tt, TSUCuItt, l-4nml 
SWSUV^o £fc#ffiCo F e<QJ?£f20. 3-1. 
5 nm<7>«SiaT-a5x.Tfc«to*V\ *fc, CoFe^ 

V\ C o F e 9 l:C o Srffi^S^flc o¥ft 

[0165] fllitf. N i F e^4nm^i:SI:ttC o 
iiO^lnm, NiFe^2nmC0i^(Cfl 0 — 0. 
5 nm. NiFe^inmOitUft 0 — 0. 3 nm 

*fc:HtT»Cu ^^#ffi^tCu^^H^WJ(s|.(OC o 
^CoFe^ttiW^o W5.fi, CoO. 3/ 
NiFe2/CoO. 5, CoFeO. 5/NiFe2 
/CoFeO. StZHtD?*) — Jli$S%;t<bft5o 

I0l6 6]*fc % r<£> J: 5 ^SWttgcDSIB^t 
20 Z>f>*t>Vlz % NiFeCoCO^y-IJrfflVttJ: 

[0 16 7] *fc, **M-e»*JwLTV^5 € t5ft«» 

^ffljl^LT. NiFe(7)JRS^»<4$fi^ Ni 
F e GHBaWSjEfc:** <^5w<b^ff ?>ft<5 0 ^ft£ 
jEflgi" 5 ilfjfN i F e 8 nm/G o F e 1 nm 

i: t ^5 7 U -I fliN i F e OM^fiN i ao F e20 (a 
t%) "CAVV&S. **9itf>4. 5nmraT<Z)7y-l 
N i so F e 20 J; 9 tN i V ^W^ld: 
30 *sa* LV\ Affcftfclfi, N i F egW4nmiSO 
t#"CN i 81 F e 19 (a t %) ± 0 i y ^^td, N 
i F eJR/¥^?3 nmSflEOi:#tCttN i si. sF e- 
18.5 (a t%) XV fcN i y 5/fl5t5r ir^g^b 
V\ NiiJ[0±RiLm NiooFeio ( a t %) 
LV\, 

[0 1 6 8] ±Ktf>J;5i^ TiftCuJ±fltffi«#Hcu«r 

«-ft*<z>*ftft <^ey7^w ^^4.^^^ u > 3 

[0 16 9] /W7^^yh^i>5^^v^ ± 
IS (7-1) (Dffi-ey i: xtt3S5i^St*5>n4t>wCtt 
ft<, «EO>ttctt«LT*«Sli,S a y^/h 
$<ft5<hH P in^/h$<ft5Acd6, ^^4r^r^V-fe'/u 

[0 1 7 0] AffWirfi. ~^>(Omt LT^cOct 9ft^ 

Rtti: Lt, t o yi^2nmT^^I:liCul(j:0. 
J/? 5 — 1. 5nm, V^Mfr 1 . 5 n mTCD <t t icfiC u 
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10 17 5] (7-2) OjK-Ctt, Hcu£ff»1-5£# 

£UffKft5 0 0!lxti, RuOt^iKi, 30 A Qcm 
tCu<Ott:Jt«gi^«?l3fflF*fc«), HcutV^^jfeTtt 
(7-2) OJBtttCuJKMi-ei. 8nra«i^ 

^5:ti:4So fc« imr <t ^ 5 «*-er* r u -cats 

[0 17 6] ::-Cli/<s/77iT a i:Ru^ 

t54btfTaSli4<Tt)J:v^ MttfZ rJISrRu 

[0 1 7 7] ^<y7rJBS:^lv^»fr^tt % T a <Di& 
Ti, Zr, W, Cu, Hf, Mot>l<lim?) 

SSrffl^tt), BBSttlnm-7nm, i*fetw$FSL< 
fi, 2nm~5nmSa^jf$U\ 

[0 17 8] ICtttAFRt UlrMn (Ir :5 
-4 0 a t%) SrfflV^^, I rMn^l»*itm 
3 nm— 1 3 nmlj^jft Ll\> I rMnJrffll/^/ 

9 4F e M n SrSMttlCiV ^/cltl^ fl&M-R^ffc 

[0 17 9] Rttm&mt VXnC rMn. N i 

r(Dftb9l:Pd, Rh4^tfflV>tt6^« FeMn 
i Mn/jt^l:Jt^TMRai:W[fi]±t5^, — 

[0 18 0] 



i7 

Ilil-2nm % tVl^l nmT^ir^KliCu/fll 
1. 5 — 2. 5nm, tT^Jl^O. 5 nmT(?)t^l:fj: 
CuJBl*2~3 nm, tVf^ 0 n mTO £ # u 
1(^2. 5-3. 5nmi^5rtlrft5 0 

[0171] ::tt ( yi^Co, fcKttCoFeO 
i*Ktttryj|©lWttt= (Ms*t) pin/i. 8 

T [nm]. fcfVJf^N i F e<7>i: £ tt fcT ^EBBS 
lit= (Ms * t) pin/1 T [nm] r <tt:i 

[0 17 2] ^-tCuttCu^ll:, Au, Ag, 

TL^^^tr, 1. 5 nm— 2. 5nm, S&^aSL 
<f* s 1. 8-2. 3nm8to j aSU\ 

[0 17 3] ^trv7^/u#-j»*i:««SKff(s«^fc 

tt, f c c<D^— K*fc^5^Jt>fc*£:«>. T**m 
tUTH, f c c t>L< tth c pMWi^o 
WMtt, Au, Ag, AI, Zr, Ru, Rh, Re, 
I r, Pt^W^ftSfti^Ai, fcL<i*g[JiJBI 

*iLT, ffi*7y-JBco«Sffil»i:HinSiJffliv^5 2 

[0174] Ta5/Ru1/Cu1. 5/N i Fe2/CoFeO. 5/Cu2/CoFe2. 
5/RuO. 9/CoFe2/l rMn7/Ta5 (7-2) Rulnra^T 

^-t2nmt7j-10Ms*tW i F e&3S2. 
9 nmTtffiW^y — Jl^tBflto^-T 1 OOegS^g; 

5j&"ea*LV\, Sfc, i^cT blzis^T* AF 

(d±t <ommm*m * <tt A*? r * * 

u^JgfiilnmtUc^ 0. 5nm-5nm, $ & 

Ta5/Cux/NiFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMn10/Ta5 ( 7 - 3 ) 
Ta5/Rux/Cuy/N iFe2/CoFeO. 5/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMn10/Ta5 ( 7 - 4 ) 

P tMn (P t : 4 0-6 5 a t %) Srtt 5 ^ y * hi Rfft^Mtl AR s Sr*t<t$ri^t, 



J6/ 



4^ 
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PtMn(7)^^CPdMn, PdPtMnSrJHl^ 



&k 
v\ 

Tfc&V^ (n&mmm : 4 0-6 5 a t%) o 
[0181] MRW^tttt>5a^5>^5 TlffiC 
ul?fil nmK±*Sr i^a*bi\ -t*b«Ttf>ttW: 

0. 5 nmW±&ntfMROHIRttS:«t«-e#5 0 
[0 18 2] P tMnttWiRWftJtiggtcDffifc I rMn 

t win zmx±z t nmmn\z.tt~tz 

S<»SU\ r^J;?^ (7-3) s (7-4) CO 

[0 18 3] f:f:U P tMn^ LTH? 

^fctf), 5 nml«S^f<t5: btfiSmttZ. fcjW* 

5nm-3 0nm^U>, SbtcS 
^b<fi, 7nm-12nmgS^if U\ PtMn* 
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*<oW&\zh, (7-4) 7y-icoT«soz 

[0184] (7 - l) — (7-4) ^HSS0ij^/<y^ 

t, Au, Ag, Re, Rh, P d & if^*gJKt> b < 
*JBB»^)i:#-C-t>iB:HinSrlia-e#*o fcfcU fc £ 9 

Jg|J¥£ LTJ3:0. 5nm-3nmSSWtU\ 
[0185101 5lcHU-CS9J6Ufc±5^. *MM 

[0 18 6] *fc, Hi 6fcBBLTWiBLfcJ:3fc:* * 



(*Jfi0IJ2) h^^SFSV ('>^CoFe7!l-D 
Ta5/Cux/GoFe2/Gu2/CoFe2. 5/RuO. 9/CoFe2/ 1 rMn7/Ta5 ( 8 - 1 ) 
Ta5/Cux/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMn1 0/Ta5 ( 8 - 2 ) 



*mMm\Zts\,^XIL 7y-ltLT, (lUfiWl) ^ 
i;4NiFe/C o-^N i F e/C o F eOj: 

— «-ettft<, CoFeMH45'>^4 
JB«jBftSrfflv>fc 0 o£9iaifc:*3V*"C\ 7 y Hi 
10 2^M(7)CoFe^^4^ SS^mSlOl^ 

[0187] (5nmT in NiFe) tUStS 

±5*tt*:7y— »«r*»-r*ia±, tt*&BJIftjft*s 30 

£.CX<Z>/>\ *IH45CoFe*7!I-lT?li| 

IiV^5^yyh^5 0 C o F efcJS3^JS*D5c*i 
tt, B, Cu, AU Rh, Pd, Ag, I r, A 
u, Pt, Ru, Re, Os(7)J:94t)^$:^0tTt) 

oX\±%mmin$LXZtZ\<\ CoF efiCoesFeis 
a t%-Co96Fe4a t%*«H*LV\ ffclCifc^SJ: 

[0 18 8] CoFe7!J-Stttt»tti:V>5« 40 

«Hf cc ( 1 1 1) ErftbTl^5r. 4:*SH*Ui\ 

tt*S/h*<*5J:5tef c c (1 l 1) EfiLTwfcds 
flP4bV^5 H CoFeB^)]:p« B B «il^7W 

r * « ^ 7 y HI co^jsw t % x. h ft 5 o 

[0189] v^TZ/UC oFe7y HiliM s^NiF 
mt^CliNiFe/CoFem NiFe 3. 50 



6/CoFeO. 5 (nm) t'F-^»*4nm 
£&5<^K2tU ^y^CoFe7!i-StiiCoF 
e 2. 5nm-Cfc?> NiFe/CoFei9tfil. 

TSWWi«:Rtt*i, ^^^tr°^IS^^#^^ 
t>^^>^t a >-<7)ipl^g^tTgOfe-efe4^Jl nmiit 
^TJ^fca^^/U^T^ F$ft5ri s * NiFe/Co 
F eCO h — */HBBS4 nmlgH^^)i:7 7^t o yc0 

Witt*l«*S/^^hj»Jll«rt>fc6>i-Ci:^ft9- % H>£ 
WiSrJKt-ixfii-Sliif^v hM^KStMR^ 

[01901 v/y/^CoFeC^LTfi, 2. 

* -ettiU^®! Sro it * « if r y ^ ^ tr ^3p«9 e ft 

CuSrffl^fc»^:tt, CultNiFe/CoFe, 
h b< I1C o F ei^5)4-57y HS<£> h— ^/HBWto* 
4nmii, tl<(i3 nm~5 nm^^CMRf- 

^ t ^ ^ t asswwfcw&ft-c^s. o£9> /^r 

^^^hK»±sK«*il!*«JilW^fcofc«^, NT 
i Fe/CoF e-Cli^tf^^-f/u^— gb*i:v^5 J:9 
fc hS&*^fc»MR«0«^S:tfce>-t-d^ CoF 

e tli^ if ^7 ± o t , /^7^^y 

z<dx. mmttzZo r*btt±jfioj:9iw, 

-C\ CoFelSWS^IJ^ MRt-^Sr^^Cul 
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<D3S£ UlJ: 9 IJMfcC oFe7!) -Jf <DIJ 5 tV7^ 

[0 19 1] «JlN i Fe/CoFeOIS5*MRBi 
mm^^<DX\ o F e 7 y 5 d5MR** 

[0192] SSffilff^ffiffJI^aMiJR-efcSN i F e 
/CoFeiHCoFe 5 £SfMiPd'8A. 

85*5— Oifix. 5 N i F e /C o F e (7)15 5 ^flJTfo 

So 

[0 19 3] (8-1) Oifil!WM7^Wyh 

nMmi<Dm&t\z&mm\z3 0-5 0 

[0 19 4] 7JI»lMs* tft^it^BabTH, M 

s * t as/h $ t > n v =7 v r —7-k<DmnmR 

S*5^.4rd«*KK*oT-< SOT, S^mSOJKffSr 

KWttEfc*-**:* 5 U **f£Jf 
* 7 ^ /u* — 3b«K: J: 9 MR tf — ? ^ttjm-f" 5 

^s 0 

[0 19 5]ftft:^ft 7!J-SMs*t-4. 5n 
ml\ CoFeRJ|2. 5 n m<D t # ia±m&W§<D& 30 
jfWilltCuiStO. 5 nm-4 nnu SbfclH* 
K(ilnm-3nra, Ms*t-3. 6 nmT\ Co 
FeRf2nmWi#(CliCuIift\ 1 n m- 4 . 
5nrru £ bl^S* L< fit 1 . 5 — 3. 5 nm, Ms* 
2. 7nmT\ CoFeJgf 1. 5 n m<7) £: $ tCte 
C uKi|Lt\ 1. 5nm~5nrru $?>K:S*L<tt: 
2 n m~ 4 . 5 nm, M s * t — 1. 8nmT x CoF 
eWl nmCOtttwfiCuJK^-e, 2nm-5. 5 
nm, £<btcM£L< ft, 2. 5nm-5nmgatt 
So 40 

[0196] ( 8 - 1 ) UlrMn 
£ffll>T^SO^*fU (8-2) T'(iPtMn«rffl^ 
Ti^So PtMnSrfflv^:tl:±9 % $ bl-MRSEffRl 

b*XS 0 rfttt, NiFe/Co (Fe) :7y— JfCDi 

^ s Hi n ±# b^-Tt v * 5 WMJSi ffi S fc ft, ^7 
^#>f VKSrA«F*4:r%^KW--t-«fcft^W:, I rM 
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WSffcSo HouS:(S«**5fcftlcW:, i«^fl:®cD 

{ZhteZW. I rMn<Dt££ 19 t)Kinin|-eC 

5^i:ttSSU<4<, I rMiiOtf ilt^TCoF 

V\> (8-1) , (8-2) (D/<yx-V 3 y^U, 
#CO«£ 0 teffiffc btLSo Ta5/Rux/Cuy/CoFe2/Cu 
2/CoFe2. 5/RuO. 9/CoFe2/ 1 rMn7/Ta5 ( 8 - 3 ) Ta5/Rux/ 
Cuy/CoFe2/Cu2/CoFe2. 5/RuO. 9/CoFe2/PtMn 1 0/Ta5 ( 8 

-4) z.(omm^^^x^ mmmmti^x. cumm 
[0197] 1. coFe mmmm 

2. Hi n 

±J21. OCoFeBl»ClU^ »fcl«6-t-S 
C o F e ©I*SI»l: ±ot»2S:M» t i 9 
£-TS t><DT'fcSo o£9. #«CuiHCoFe© 
f c c - d (111) BDBBBBSrJCKJf C 090 F e 
10 (a tmi c%) Jf«rfflV^i:#^ttAfflKc* 
#<4^tV^CoFe7y-i«M, ^nS^i- 

«-f-5*mi: LTtec u X V i>m*¥&fc*:Z\<^i><D& 

S*bV>o CTX-tf. RuWfc Re, Au, Ag, A 
U P t, Rh, I r*5VM4Pdi^SSU>. 
^SJffl) ^ 5 **-CttT«irJIft<7)fife^ CoFelM 

9 0 - 1 O^i5-il:«):otfcirffitfc5o 

KjlCfL Co90Feio-Co96F e4<73!£/5£®[g<£>C o F 
e^7y-S^fflV>bn5o — _blS2. ©Hinffi 
«a#i:Hl/"Ctt, «*«Ofc#Osp«tt*rrti±S** 
SS*^RuWi*)5^?)"efc5o WciB^Tifc J: 5* 

S 0 4ttw. S F S V TiiMR(?)^ tV7 ^ yu^ -M, 

1M¥tt*e# S fc M$ 3 L < , C u - 2 n mg 

Wte^^-*«ft^*5*#4Hi»*JI(l**HBItteft5o 
Ru/Cuai)g{:«:tiaoT, Rul. 5nm 
/Culnin-2nmT«, 7y- gMs*t 3. 6n 
mT\ CoFe Mi? 2 n m <b V ^ 9 ~7 ]) —M ^ 
tCu2nmi^H^ Hi n t LX 7 — 1 3 O e t 
v>9®HinSrH5H-S -i^TtS, (7-1) , (7 
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* [0199] sfc (8-D - (8-4) <o$mm<0'< 

u, Pt, Au, Ag, Re. Rh, PdftifOi^JiR 
■e*<4oTL*3M, ¥JIRf>b<riWUto h- 



- 2 ) ^HJSW^*5l ^TfiHi n^20Oe SS^fe o fc 

[0 19 8] HoulHltv^iiLfilc^b^fcttKtt, R 

fc5o J»«l:#*ofcRuCttttStt3 0"m Q cmi 
(OT% a t (Ov/t y hSIiSi: ITttttfift 1 0 m Q c m 
oC-ulBW*cb-Cl/3 0BtJ»i:V>5ri:*c45 0 «x. 
II RuL Snm/Culnmtt^Mtltv/ty 
hOC uRJWft3tffiT? (1. 5nm/3) + 1 nm = 

l. 5nmiH«i^5:il:ft5, */0 

(HJS0IJ3) ^hASFSV (NiFe/Co(Fe)y y — R) 

Ta5/Ru2/PtMn10/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/N i Fe2/Cu2/Ta5 ( 9 - 1 ) 
Ta5/Ru1/N iFeCr2/l rMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/Ni Fe2/Cu2/Ta5 ( 9 
-2) 

«#hA^-f ^HlfeMJ-ov^^-t-, El 6 ft* *2QS 

•*1 2 8, RSBKffiBIl 2 7^«*S*t. tVH2 
6 , 124^1125^ LTR»«te«Hc*S<& LTV * 20 
5 G 1124 ±JC^-<— t^S 12 3. 7y — M 122, 

* 1 3 2jMRItMvClr*«. 

[0200] ( 9 - 1 ) OjBfi«tt % &&Ri£R&AftJ 
WfSl 2 8^iR u ^P,ft^ 

PtMn, 7y-fl22^i29 s 1 3 0 OZlJf GO® 
*W»b*rtSh*:^k5o (9-2) OldkM 
tt. KftRteRSS&ftJSPA 12 8^13 3cojg|<!: ITR 
u. 1 3 4«i UN i F e C r 

ft. 12 70Ka8tti^i rMn, 7 1/-I^12 30 
9. 1 3 0(^2»bM 

So 

[0201] b^psfytD^t-^s^ymizm^x 

Wl^LX, f cctfcfihcp^T«Klnm-5 
nmglfflV^o #j;t[i. Cu, Au, Ru, Pt, R 
h, Ag. Ni, N i Fe«tlb^M> RJ1R* 
<Jf#/Sv^ft<5 0 Ih6©5/-K (seed) JBttS3S«tt 
R£ LTO«|ffiS:»5*5fe*^*K*JK-efc-5o (9- 

(9-2) (O [ rMn^HJfg^J^ioV^TH, Ru/Ni 

f e c r (ommm^m^i^o z.<n&mmmfe&mwm 

5nm-2. 5 nmgS^fiS^^- ^SrfflV^fc»^t? 
[0 2 0 2] *?S^l:j:5/W7^^yh> y y h k 



F e^ftb^:, N i F eiCC r , N b , H f , W. T 

5o ( 9 - 2 ) TUN i F e (DiXfr V tdN i F e C r «: 

[0 2 0 3]SMffiiltft (9-1) -CttPt 
Mn, (9-2) t'HI rMn^f^TV^o PtMn 
SrJBV^^ y y hi: LTfi, yoy*V^«R«^i*Jl-e 

fttftlfSacOMRfR*>fWS^tC/h$< , BMR, UAR 
s ^USt^ 5 r k fcmfbtiZ* h zffsf 7<n k # 
t y — Rtrfll^fcR^teiiK^MR Sr^n i? 

* iftM^f^ kr j*-e # « k v > 5 j» frb n&m & * trR3» 

l\, P tMn^ftbUlZP.dP tMnSrffl^ttft^o 
SfSUHBUMEHi: ITU 5 n 3 0 n m, £fbJ~ 
»*U<tt, 7nm-12nm^\ 
[0204] (9-2) CDI rMnSrffll/^^ y y bk 
UTtt, PtMnJ:HiW«*t»tt^"e5fc^ X 
RflM[Sfc*MS L fc#£^ ty^yKirittt>5i^5 
j£8:3gl:f5ri:as-e#a. I rMnOJBtSi:ttii3n 
m-13nm^l*U\ I rMnt>Mi7ciI r$: 

T^5 0 I rMn<D»fc9^|§|«tcft^JR5nSIS:$tpR 

[0 2 0 5] _tffiO i 5 E&BfttRi LTtt, P t 
Mn. I rMn, PdPtMnMW^U^\ « 
PJ^^t°y/</U7'S0>'M7^^y h^ y y hi: 

<, NiO, CrMnPt, NiMn, a-Fe203? 
o-tott«)SR«ttR«r«v^-Ct>«to4v\ 
[0 2 0 6] *»-fex-< y?^>'m<DZj§<Dfam&&n 
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NiFe. SfcttNiFei, C o fc L< JSC o F e <D 

<o±T»»ttJB^M s * t Hf*^ y -m\^m b-cstt & 

#>S D 10 
[0 2 0 7] ^JCoV^Tt h?7*>f7<DbZk 

frW^li, 1. 5 nm~2. 5nmSS^ISK, $ 
b»wS4b<li. 1. 8nra-2. 3nm*jftU\ 

[0208] 7j-iiim r:wMMtiiN 
i Fe/c o^srjajRSrfflv^rv^o ^^7y-iog 
ff* h^^^^itt^tflRlfil-efc 

S c fcrtTU N i F etDTmRtf b -?b^ iSY 

ttftKttN iFe/CoFe fS7 U — Jf <D|§^t;rtf\ 
N i F e (7>(£l«ff'ffc:fcf£ 9 N i F e / C o F e SfS 7 !J 
-S^KI(7?jEfflJ^(D'>7 N a* h y 7(0 b # J: 9 

/££LTN i yT<Dh<OXi>Mn&mm^m^X^ S Q 
[0 2 0 9] PRll NiFe3nra/CoFe0. 5 
nra«S7!)- Jl^S-g^f* hy^-f^tttN i F e 
L~C\ NiaiFei 9 ( a t %) ^liStfijEfcilK: 

iaiFei9 ( a t %) "C/h$ /^iEOittSffii: ftotUffl J0 

[0 2 10] *«W^t^^^hC0 2^@T-fe^S* 

Ta5/Ru/PtMn 1 0/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/N i Fe2/Cu 1 . 5/Ru 1 . 5/Ta5 ( 
9-3) 

Ta5/Ru/N iFeCr/l rMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoO. 5/N iFe2/Cu1 . 5/Ru1 . 5/Ta 
5 (9-4) 

±IUJt*/ftfc»l*T* C uWBIeOJfclggtl 0/iQcml: 
»tt, Ruli3 0^flcra4^ WSZtbtei'Vlsb 
^j^irLTIi, Culnm^U Ru3nm^|^3f(^ 
a«Srtfefe-rr.ir^/«cS 0 o£9. ±E (9-3) , 40 

(9-4) Ofltfc*5V^Ttt, iS»ffiS<OJKffttCu&g[ 
"C2 nmiBlftt^ Cil:45, Cu^l^i^l; 
0. 5 nm-3 nm^t*^|5it*fflV^ti5^T\ Ru 
<>IrI«U:0. 5 nm~6 nm(^$5iT*f V^tl^o tztz 
U R u t'liitK < ^ t°y 7 -^SfiC u 
(DWr&XV fcilWctf). CoFe^f^S^litt 

i-ZZbtem*^vy p b\,^&frt>t>fft* L< fcv^ 

T% Co F eK»L$*TCuft^$:fflV\ C uJUfffi 
0. 5nm-2nmSSffl^fcK\ 2JB<Dj|&tf>&JRtt 50 



45 

So 

[0 2 11] *b^aiJ^S»*i:Ur, Cu^m^{cJ:S 
y — M &m v ^ v ^S t B9fo £> TM R mtm<o£ikft ta 

[0 2 12] flAttCulJtffOfilStt: h^/SFS V<^ 
i: 0, ^y— Jiff, v^ir^ AF<D 

±t<o t°^jgmmmz£<>xMtmmmmz-rtiz> z t 

b*yy*<<(y<DbZ bmmXfoZo $.tcCu*c-Yyzf 

<D*Zt£&)mbVX. g»7y- ST-^fiHinSrl^m-C 
£S:i<*:tr£>So I^IC^y— iffCu^y 

i^i-fiRin^ 3 0 O e Eil±feoyS:tO^C u 

So 

[0 2 13] CrT% (9-1) , (9-2) <Ds<V=. 
->3^iU, 7y-lCoFel:«Lt)SltlC 

J5gb^t>«tV\ ffl*Ji, Cu/Ru, Cu/Re. Cu 

/Rh, cu/p t44fd«*»f e>ix5 0 tc-t-ssam 
e?})-m<Dmm&mwz£<>x3ti®&g:iiz><Dx. m 

£: Jg#H"5 n <b ris#«9§ fc*5l^T filSfc^^ <&Hi n ffi 
[0 2 14] JMttaftMHBrfiiL-Ctt, KTO±5*t> 
[0215] 



(g£J£0i[4) ^HASFSV (CoFe7!J-l) 
Ta5/Ru2/PtMn10/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cu2/T 
a5 (10-1) Ta5/Ru 1 /N i FeCr 2/ 1 rMn7/CoFe2 

/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cu2/Ta5 (10-2) *H 

7D-11 2 2<^ftto5^*Jiffl|(OC oF el»^ 

MMs^ni^. 7ii-jiw^Jio«», jytff<o 
#«ytt*<j««l3fciBWi-e*>* D coFe7y-i 

So §5>^, z<DmMmxnMs*t &n i f e^3S-e 

3. 6nmTO^^\ Ms*t-4. SnraTT'Jt 
^-TS<h, CoFe#l7y-I4t,ffflW2. 5 nm 
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47 

iFe/Co (Fe) fztN i Fe4/Co 0. 5 (n 

mro^ if y 7 ^ ^-a*tt#6hf , IMH^F 

)Bi:ft5rt, *5£t>*N i F e SfttDf^^ h#JJHt>$? 
5rt*»6. ARsfCoFe^fyy-l^ltUL 
T, 0-3 0%«^i-5 o 
[02 16] W-bO r £ £>5> % M s * t coxzrv >$5HT*M 

13 coitus tSSU^o 



(25) #5S 2000-137906 

48 

* [0217] (10-1), (1 0-2) <D/< 

} J ^ — is 3 l/k LT, 7y-SCoFel:gL^:iliS 

■e«j«L/tt «tV\ Cu/Ru, Cu/Re, 

Cu/Rh4^^W5>h5. zimMitt 
tliigfc^, (SHin#J»Bttofc*Jzt>, 2m\z-tZ> 



Ta5/NiFe/PtMn10/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cu1. 5/Rul. 5/Ta5 (10- 



3) 

Ta5/NiFe/l rMn7/CoFe2/RuO. 9/CoFe2. 5/Cu2/CoFe2/Cut. 5/Ru1. 5/Ta5 
4) 



(1 0- 



"C^So sK b**>f y<Dtt\ZteC uiCC o F 
e*«iSn5itl:4 9, -t<Oi:t^fic 090 F eio 
(a t%) Srffiv>5<fc % A{ftlco^#ftast-ft!9^-r 

oFe5:ffiv^rt^atU\ Sflcftlcte, C090F 

eio— Co96Fe4 (a t %) <7)CoFe7JJ-I^ 
ffiV^w<k^S*bV\ l^lCoy^fClThcp 
ft^MELTLS 5 7y-I^tt8tt^ft (He 
#±i;*c) i"-5<^T\ C o96 F e2<0 J: 5 ftC o I) y<f"f 

[0218] ±iao>«t«rtl-*3lr^-C, Cu»JK(^tt:fiSt 
1 0 /x Q c mC^tt, R u (13 0 m Q c mft<73T\ M 
Wr>t^hM^ltil CulnraCSU Ru 

12 (10-3) , (10-4) 05||WC*3V^-Ctt, X«« 
mammae u»»t2 nm^gl^V^ril:/^ 
C ui£Jf CD^H::0. 5 nm—3 nra£"C03$5B!-efi!^ 
fciXSOT?, Rut»0. 5 nm—6 nmOtSffl-C 
m^^bftZo fcSU RuT^lM:S;fttti^<^t 0 >'7^ 
/i"* — ^)m^Cu(Dm^XV hm^fzbb, CoFelCg 

#SL<fcVV0-C\ CoFei:gl$ittCu/^^ffl 
V\ CuJggliO, 5nm-lnmlSffl^fcit\ 2 



-b) iK»*3tttt|?^ffl*0|6l±fl5*j{K^e > *fc 

[02 20] B17I1, fc%m<D% 2 — IB 6 coMM^ 
X, Xfil OJcTv— yUKl l, T^^y^JBtl 2 £t£ 
^ \i°^y</uym^\±^^^y<^zfmi 4t—tt<nffl'<J 

*»tt=TSWi 14 1, 14 2, 143, Bfb 

@*/f 14 4, *mm 145, Kffcg ^1146, f£S 
30 114 7^JFM$tUTV^ 0 

[0 2 2 1]S6 ttt*»n«)ttom«) S y A F 

ua, T'D^^y^^Tb, *5«fctf;* t°^<yuy^^P(D 
«gt^WAR/R4r^1- 0 *fc*7t;:ji, 

<t \^x^(o^m(Dmtmmm^m^i^m^(omm<D^i 

Z^-to *fc*8^f±S y AF£*£^LfcS&«f4JBo 
40 0 £ 2 0 0t(:jo{t5 S y A F<aK&«teB{flfl»«{4JB 

[0 2 2 2] 
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49 50 
£8 

&fi/Ta (Sam) /N iFe/CoPe/Cu (3nm) /CoFe (2. 5nm) 
/Ru (0. 9oro> /CoF€ (2. 5nm) /KttaSI/Ta (5qid) 







2 0 0tfc43tt* 


2 0 0^*** 










J (erg/<V ) 


Hu/(0e) 


fi£Tb(CI 


AR/R&) 


I TtlUnll 


5 


0. 04 


400 


250 


7. 3 




7 


0. 045 


450 


270 


7. 3 




10 


0. 0 45 


450 


290 


7 




20 


0. 0 4 


400 


300 


6. 5 




3 0 


0. 0 3 5 


3 5 0 


3 0 0 


5. 5 






0. 0 2 5 


2 5 0 


2 3 5 


7 1 




1 0 


0. 035 


350 


260 


5. 8 


RhHRnt Mn 79 


7 


0. 0 2 


200 


225 


7. 2 




10 


0. 03 


300 


245 


6. 8 


P t53Mn47 


1 0 


0. 02 


250 


290 


7. 9 




1 5 


0. 025 


400 


320 


7, 4 




20 


0. 1 


>eoo 


350 


7 


(mm 


a o 


0. 1 2 


>600 


370 


S. 2 


N i 50M n 3D 


1 5 


0. 02 


2 50 


300 


6. 8 


CrMnPt 


i 5 


0. 02 


200 


240 


6. 9 



] rMn, RhMn, RhRuMa, C rMn P t iM^ttZZ >H)V7& : 
P tMiw N lMntfl^Xlf>AJ^«: 

2 7 or. i nmmmmiiz&nis* 



[0 2 2 3] 



[0 2 2 4] 



US2] 

Itt/Ta <5nm) /N i F e /Co F e /Cu <3nm> /CoFe (2. 5nm> 
/MttW/Ta (5nm) 





2oorc*tf$ 








tm 




J (cri/co* ) 


H«(0e) 


MTb(U 






5 


0. Q4 


170 


250 


5. 6 




1 0 


0. 045 


190 


290 


6. 2 


P t5IMri49 


1 0 


0. 03 


L 30 


300 


7. 2 




20 


0. 1 


430 


3 50 


6. 7 




30 


0. 12 


5 1 0 


3 7 0 


6. 4 



p tifntntfexewf*?*: 2 7 at. 



1 SMnfiffla$JSL£ft<»fc* 
[S3] 
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(27) mm 2000-137906 

51 52 
SB 



© 







2ootKims 










J Cerg/ca* ) 


a&Tb in 




5 


1 2 


0. 0 1 


2 10 




5 


8 


0. 0 2 5 


230 




5 


5 


0. 045 


250 




5 


3 


0. 05 


2S0 


RhZOMnfiO 


? 


1 3. 5 




1 50 




7 


8 


0. 0 2 


2 25 




7 


4 


0. 025 


2 3 5 



S<!:^t»ifIlrSyAF(aoti^U R 

£»JitTO. 02erg/cm 2 Hl^:t^ 
t^S:fc, 2) R^ti®^ft«ffit 0 -^(^ny^> 

&fc»SL<tt5 # WTt45i5m:tl:J:o 

■C, JUE2 0 onCK*lt 5*lMS*)t» J 20 

m5wt, 3) E&MfeM<OWmffl**2 0 nra« 

SrO. 02er g/cm 2 ^±1: t5 : <i: CJ: iaS 
2 OOT^SSt ^ift/Wr^KlfHuA* £2 0 0Oe 

[0 2 2 5] HI 1 8 tt^»flMH^»-#-S^ trw^/U^BI 
Hua* t LT2 0 0Oea±fc#t5«ftlfilt « 

*3^-c, 2oooe^t^#i6Bm m^(^a. 40 

[0 2 2 6] a^-fe^t It^aKt' 

#>5>ft., 2oooe*-co^a«i!itr»b-ctt. 

[0 2 2 7] S^N i ORBflBtSfcB^ F e Mn C r 50 



A/<!f J^q#^4V> 0 *fc, 3 0nmf(DCrMnPt 
^k@^rS «t V) 4oT L£ 5 <DXft « b< 

[0228] eae*^**(omtH**^*3^-ctt. *7 

[0229] :ni^U *6C*t**B©Hlo» 

f§kl,£*U2\ I rMn. RhMn. RhRuMn. Pt 
Mn, NiMn. C r Mn P t ^^(Df $ 2 0 nm&lT 
^R3*«ttJiSrfflv^5Ct^J;0, 2 0 OtiitHuA* 
jjs 2 0 0 O e K±w*hfciBJRttS:iJB L^t>«tt 

[0 2 3 0] EI 1 9 fiHuA* ^2 0 0Oe <0#38Wa>* 
ffiffim<n* v/^u^fflS, ioJ;t;^^HuA7555 0 0O 

e CQ*WliWfc:@*S<D* fc'^^yi^Mo^T, 2 0 0 
°C^T 2 0 0 O e T *m#fc^;fcfc»fr<E>i|£ 

-to mi 9\z7jk£tix\,*z& ^(ommmitmm 

l"<jV7m\*, 2 0 0tl:*3lt5HuA* ^2 00Oe 

I0 2 3 H *t, IrMn, RhMn, RhRuMn 
ft if COM n y y^Oy-Mn5RR»«f4i*:ffltS:fflV^fc# 
-&ic*5>n« ± 5 id, 1 0 nm«TOR^f4SJ¥T* 

[0 2 3 2] £fc, *6(^*3BK(D||JK<7>?BJi^*3l^T 
tt, Tb^240- 3 0 O^SSfflCORSfi^tt^T-AJf 
*B»mtOII«IMafe«r*i-. ttotTb5Efft?f4Bfte 
<7) ££-&5£# S: -bill S * t £r#D *. T ^E&tt{$:;f 
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53 

<ot^a«fc*9Fnrafcfte>ft^3 o ox,siTx~<Dmitm 
[0233] m^m^mtmatMAisixmmtmB 

tUtff^^O. 8nmtjBi5:t*jfil/<, Sfc 
Ru, Rh, Cr. I rft£*JBl/^r£as#4Ul\, 
Sfc&BH^A^tt«te*Bfc:tt:, CoFei^Co 

5a«t4SA J 5'SaKt*SB^jKJ5^2nm 

«** -e» < * * t . mxm&m&& o . snmw 

[0 2 3 5 ] i£ 6 <D*3gW<^|IJ6(75^ai{C*3V ^Iffl L 

$ titt&m&m A&xxf %m&m b <o»*as 2 . 5 

nnu R u T«*SlXfc»«IS^I^ff * 0 . 9nm£ 
i" £ ^ t fc ± 9 % K&tt^^ttlMift) 4kOetfc 

[0236] **w^*3v^w:, nm&mAbmmim 
3^11, gsattSAoa^js^^ttsBo^^y? 

[0 2 3 7] — mi^A^mURV^lftlKttJlB 
^B«W?J:9t*fv^lcH:, ttWUlA&BHKtt: 
JiBO«ffilW^J5ff*UV^«*KJt'<'C, ESDl:± 

»«tt«A^iB««W»c»-t-5Mi«tt»BO 
KfOKffoJt^O. 7 — 0. SOfmtlrZzkfiWk 
LV\, «*.«3H«ttJlA*C2. 5nmC0CoFe^ 
§S^tt^BlC2 nraOC o F e^ttS^t^ffiU 
V*. »BttMAt3ft«i^B<o«^IS^W5ff*U^# 

ili*i»ff»5 6 5 0 8 8 7*) rtfcioT, ES 

^HSt^5o 2 0 O^iStta J<Dm&0. .0 2 e r 
g/cm 2 W±Sr*m-f5lwtt, Mnti*»it5, 
I rMn, RhMn, R h R uMn*^^45 v -M 
ntt, *>5VMiAuCull^aaiMbtaS:iffii:-t-5R 



(28) #M 2000-137906 

^V>) Sr. feSl^PtMn, PtPdMn, NiMn 
t££frbtJ:%m*L<]E^&<»&miVfc (CuAuli) £ 
^tfK5$8£f£Jf (MnW 4 0 %JK± 7 0 %Jt^T-CH 
fc5V^CrMn^CrAli^Cr 

[0 2 3 8] § 6>fc::it 2 0 O^tCioftS J 
OffirfSO. 0 2 e r g/cm 2 K±S:i*V^«fiiSE-fb** 

[0 2 3 9] *8lc*SnfcElPl*S:*fc-t"^9^— ^ 

-efc 5 *^ e a>e> <d ewi* tr— ^ co n y v r * - y ¥ 

KTT*J^tt*0. 02 er g/cm 2 £JLhriSf#e>*U 

C rMn^^b c c,|^5aMtt)»f 
«ffi*SErtt"Sfc»v^R3*«ttBW-ei«!Tb^o2 0 0 
^-COiSi^ J tf* J£§tx-# 5 Q fee* 
20 (DWr&te (111) bf— h c p *g<oi§^f3: (0 0 
2) fcT— bccffi^li (110) tr— ^£^r 

^trP tMni^i^CH f c ctSdS (1 

i i) be^ut^s;!^ fc*v^«:ftaiMtufca5'tjE 

iffi<E> (ill) BB^EiRib-CV^ar i:S:«*i-So ft 
*5 f c cfl^h c pf@<7>4§£\ ajf^:RSSr^-et J: 

[0 2 4 0] ftjb\ m2 0\Z^-t^^\Z^ **ffiri>e><0 

[0 2 4 1] iOJ:5ftA#4**BBEOT«:*a-r*«c 
l± % ^fcfv^yjKo^*^^^ft^^»E^S:S 
*»«IUfc«Bft-efi t 5. M^L«1 0" 9 Torr*&^^T^ 
fll»4S*«-e**3S»wJ:5j«IBt. 5 0 Oppm KTJcift* 

«/Cf T ^ y # ft 4fO*fe»C ± 9 5g*ft^^/u¥- 

(i, Alu Cu, Ag, Ru, Rh. Ir. Pt, Pd 
ftifOft^JS^^fc^tM^^TttfeS^ Ni Fe, N 

iCu, NiFeCr, N i F e T a ft if CON i 
/■S:R»t4, ftifO*ft^*5. 

[0 2 4 2] r»^t4i:S*ffi^<orfi]±j tH-t- 

[0 2 4 3] »c*r. ^W<n%z-%e<Dnifc<Dfcm^ 
so ov^-c«*»»wttWi"*o 
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(29) 

55 

[0 244] (mm<Dmm 2)017 K^ammz.** 

Tfr^yl? (A 1 2 O3 • T i C) SR10I:T^-^ 
Kl 1, T^-V^ffiSl 2«r»/*U ^<^±^^t: 0 ^< 
3&Bf8.+Zo ::ct^Ki in, J? 

^0. 5 — 3 n ra?rtt5N i F e, Co|7W7r 
F e A I S i ^MtX'fcoT, N i F e 
^FeAlSi <&4fc-ettW»fc <fc D*ffiDfliaS:8**i-5 
Zkfim* UV\ tfcT*t^H2l:iU|*5-i 

[024 5] * tT y/W*?tt^ fcT>v^u:/BI 14t 

— »o«y<-f T*mi stszxf— tt<wmfai s^mat 

$n^ 0 ^tr^Vu^JWtt, Ta, Nb, Zr, Hf4 
if Off*. l-10n m<Z>#jKf£TifiJB 14 1, #5105 
CTff*0. 5^5 nm<7)»2<0TiffiJll 4 2, 

1 4 5 v «ft §ssi46, iMReijs c-cff * 

0. 5-1 0 nm^ftill 4 7^bM§tt^o 
[02 4 6] ^(^llC^ty/i 1 7. ±C/-;uKl 8 

EftgB^fiKStLSo ^y^«17(U|*5-100 
n mOT/i^ ^ -t-^^bT/U^ aft if^fflV * feti, Jn > — yi^ 
Kl8^m0. 5-3^m5:tt5NiFe, Co 

^7^/U7 7^1tt^, FeAlS i if J&SflH* 

[0 2 4 7] g^Ittgl 4 3 d: LT I rMn, RhM 
n, RhRuMni^v-MnlOMny-yf^ 
J$\ PtMn, N i Mn^^Offi^IE*- H 9 B <DSIIJ^^ 
jWBi*&*iS»&fctt:, TiftJi 1 4 2 ft, Cu, Ag, 
Pt, Au, Rh, Ir, N i ftif*fcr±-tnbSrirt J0 
»t«AuCu, CuCrftifO^ #11^9-2 
2 9 7 3 6 ^IfEffcON L Ni NiFe, N 

iFeS^M^ Ru, Ti*£\ *fctt-tne>*± 

[0 2 4 8] ^3tS3S«f4S 143i UC r 
te^^*JBl*5»frfc:tt, Tifcif 1 4 2 te, ±5£Lfc 
T*JBT-t«tV^S, bccf^WCr, V, Fe4 
if, *^tttH5)S:£^»i:t5^E)4STiaifc 

[0249] mitmmm 1 4 4 amssM^m 1442% 40 

*l/tSa«tt«II:3B^t5 2lO»«ttiBO 1 4 4 

1 £&E&ttJiA<7} 1 4 4 3^e,*5 3iitM$nt 

v^o Sitf&teJiBirK&^te/Il 4 3 t<D*m. 

»<5tt0. 2-2 nm#ff*U\ ^BSttJlA 
tt/lA (*fctt»«tt»B) ZttftJI/nBtttJlB (S 



»M 2000-137906 

id 

[0 2 5 0] 1 4 4 2 l*R u , R h . I r % 

^Ru ^iti\i ^mmmmx^mm^^mm^-r 5 r u 

afttie-frJl^ffltfftbTWc, 3CiSfc (Phy.Rev.Le 
tt. 67.(1991) 3598) fc*S*iTV*S «fc 5 *S^Kt3MS 

[0 2 5 1] EI 2 1 {CUC o O&KttJf *J <fctfC o F e 

r /M s - 1 ttR»»ttJg-fr*s*^»z Wife. M r /M s 
[0 2 5 2] 0 2 1 fcS*S*ifcJ: 5lw. K^IICR 

uSrffl^ts^icii, mitmmm 1 4 4cowk*isisrst 
250-30 o^r-(^««aas:ifiurfcBi»-t-s 

Sttl. 2nmKWff*U\ Rul#0. 8 nm 

0. 8nmS:fflx.Tl. 5 n mJ^TJ* s Sf * Ll \ * tt 

[0 2 5 3] 3S«ttJBB*3j:tJ«5aKttJlA{CC oi-x F 
e-g-fe (0<x^0. 5) 4rJHlr\h,tf* I rMru Rh 
Mn, RhRuMni^y-Mn^Mn^^f^ 

t*b**BLwmmi 4 3 £ <d*z te&mfe&&Mm§ 

btis L*»t>RuiJfcaa^B43j:lJ%»tt*A-i:«)it 
»SrS5C-i^r*#5 0"C»^»*LV\ CoFe^ 
WUTC o Srffl^^m^tcii, J^s*5j:-t2/3t* 
9, SfcH2ll:/TtJ:5l-2 7 0 , C, 1WPM»WSS 

mvmmmm&c o f e&&<DW&\ztt-<xm< 

[0 2 5 4] ««e-&«0*BB5P«H4t. -tOK 

x, ion m 2 m&vmfcfvD'm-mmzx, mnm& 

[0 2 5 5] ^9 ett® A t SfittttJI B OKJ5tC>Pf 
-r^Xt 0 W<yuy^ffiStn[Rs, ifigtJEftARsfei 
V«etaj<t*AR/RoaE^tS:*i" 0 *fcH2 2»wtt^ 

[0 2 5 6] 
I3t4] 
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(30) 

57 
£9 

Ta/Au/CuMn/aattHA (CoFe) /Ru (0. 9nm) 
/a«MB (CoFe) /Cu (2. 5nm) /fcfc@B)B 
(CoFe 4 nm) /T a 

mm : 2 7 ot:. mpa 



2000—137906 



5* 



a 




ft $ ft * 


& (3 ft £a ffi 




J*S (nm) 


JfZ (nm) 


AR/R (X) 


Re (0) 


A ft s (Q) 


7 


7 


7. 2 


7. 5 


0. 5 4 


5 


5 


8. 0 


9. 8 


0. 7 8 


3 


3 


8. 6 


1 2 


1.0 3 


2 


2 


8. 4 


1 4. 1 


1.18 


1 


I 


8. 0 


1 5. 3 


1. 22 


0. 6 


0. 5 


5. 9 


1 5. 6 


0.9 2 



S9*>&« 3fiKttJlBt3i»ffilA<^fflW:j±l-'5nm 
(+600Oe ^SHKHLSriD^Ttatt^teT* 

[02 5 7] EI 2 3 M9iiatttJI AOfltVt: 3 n m-j£t 

[02 5 8] H2 3K*b*i*J:3te, SiHKttJBAi:* 
«tt«Bco««IBWi:S:«b<"t-5i:, +600OeO 50 

3cl 0 

Ta (5nm> /AuCu (2nm) /C 
/3*«S:JBA (CoFe) /Ru (0. 9 
/IrMn (1 Onm) /Ta (6 nm) 



[0 2 5 9] — 5SK14J1A i:3S«14JBB (D««Bt» 

4 J: 5 K\ B ottftltJV&MMSJI A<D««fflt 

[0 2 6 0] 
[*5] 



oFe <5nm) /Cu (3nm) 
nm) /»«tt®3 (CoFe) 



&m&ffA (nm) 


KK&SB mis (nm) 


&8tSSfc*AR/R 1%) 


3 


3 


7. 3 


3 


2. 5 


7. 8 


3 


2 


7. 7 



Co, CoFe*5WNiFeiffll>t, #Btt 

A<a«§UKffOJ*Sr0. 7-0. 9i::^LT3M£tt/I 
BCQ/P^S:2. 5 nraCS^Lti^C, 02 4, HI 2 
5 *5 l l K*-f-± o E S D»te«:»5 r 

ig^c ta-^y^ *f/H: J; SUISSE S DUEE 



[0 2 6 1] 
[S6] 



50 



-30- 



(31) 

59 
$11 

Ta <5nra> /mSGS/Cu (3nm) /fc&£SA/R u (0. 9nm) 
/MllB/1 rMn (1 Onni) /Ta (5nm) 

: /1^->r:>^t<OT^-^ K, T* * y^lCMbtC o Pt/FeCo 



2000—137906 



60 



saw?* 




MftAB 




















0. 7 5 


CoFettaa) 


CoPe(l,5ni) 


C»Fe(Sw)/»i?e0.5in) 




?av 


0. 8 


CoFe(!. too) 


CoPeOni) 


C»Fe($ni)/HIFfr(LSin) 




75V 


0. 8 3 


CoPeOno) 


CoPed Sim) 


CoFtUniJ/WedJsi) 




70V 


0. 85 


CeUsi) 


Co<l. ?ot) 


C«(aSQl)/SiFi(4B0] 




70V 


0. 71 


Cafe (lino) 


CoFe(1.7aB) 


C»Pf(lDi)/Hl?e<too) 


65V 


75V 


0. 88 


CoFe(2.4aa) 


CoFeaino) 


CiF»OQi)/HiFe(kD) 


65V 


75V 


1 


CaPe(3in) 


CoPe(Sni) 


CiFj(4Di)/HiP«(l.8n) 


50 V 


75V 


0. 667 


C&F«(3im) 


CoFeUnn) 


CflFe(JM)/HiFe(I.SM) 


5 5V 


75V 


0. 93 


CaPe(Jan) 


CoFcC&ra) 


C«Fc{Iai)/»iFe(3n») 


5 5V 


70V 



t3S<*DfoS^, -ta>«Stt«*tf)Jfc. H (current) b / 20 
H (current) a ^ KS^jStoigJfc, (Ms • t) a / 
(Ms • t) Bit$tf— gc1-Sfc*fc, 3£B£ttJiA<!:3£ 

{ (M s • t ) ■ H (current) } a - { (M s • t ) H 
(curreent) } b 

[0 2 6 2] EI 2 3 5 ^BtttJB 3 n 

m, 3S®ttSB^2 nraffcot, got (Ms - t) 30 
b / (Ms • t) a =0. 6 7i4^l:tt % 

JSA, 5S»ttSB <b t 3 nm<Dfflm (a) (D^^it^ 
~C> Hua* jWSTU tSoT«ftH»*(OiHlRttt>ffiT 
1"5o -o±5(wa«ttjBAJ:5 t>aS»i4«BO«SCJK 
J?£/h£< »«6ttJiB^jHltoSR»att 

SStta«ttJBAco*r^«SU«ff^#v^, 



[0 2 6 3] ^fflS^BifcttCu, Au. Ag**l 

v\ *^iWtta»t<Wk*«:#6>n*iSH-e*)* 1-1 

OXt°y/^lt1i, 1. 5nm-2. 5nm^iJ? 

1 SO eKT»w»fW-e#, JLoKi^SSHE 

[0 2 6 4] raffcgSJBIwf*. Co-^CoFe, CoN 
i , CoFeNi^WCo N i F e 
-tixboaWW^ «;itf*W*«tt:0- 3-1. 5 n 
miOf^Co^lfcN i Fe^ffl^5,jx5 0 

[0 2 6 5]ii2 f^ksss (ifbifi) <om^ 

£2. 5nm-jetU 

[0 2 6 6] 
[*7] 
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CxiLU raWW 1 ^ ore *pw 


KftS&W^fES&S- lnm 




0$ (01) 




co£ii£Ai£N i Fe (*) 


1 


2. 5 


6. 2 


5. 7 


2 


2. 5 


7. 5 


7. 0 


3 


2. 5 


7. 9 


7. 2 


4 


3. 5 


7. 8 


7. 2 


5 


2. 5 


7. 5 


7. 1 


6 


2. 5 


6. 9 


6. 4 


7 


2. 6 


6. 6 


6. 0 



^bfc*T*fc£ 0 3c 1 1 5 \Z S 2 — 5 nm« 

\\L&&m<om-*h t (f) igsattJiAoff^t (p) t 

-0. 33^ {t (F) -t (P) } /t (F) £0. » 
SI 3 



*6 7 

[0 2 6 7] 
[*8] 











t (F) 


t (P) 




(t <F> - t (P»/t <F) 


(nm) 


(nm) 


(X) 




4. 5 


1 


4. 7 


0.7 8 


4. 5 


t. S 


6. 9 


0.6 7 


4. 5 


2 


7. 1 


0.5 6 


4. 5 


3 


7. 9 


0.3 3 


4. 5 


4 


7. 7 


0.11 


4. 5 


5 


7. 3 


-0. 1 1 


4. 5 


6 


6. 8 


-0. 3 3 


4. 5 


7 


5. 9 


-0.6 6 j 



A tfcfctt/S B K C o F e 
MftBBoff *tt3 nm 

i*SIBIlwf*T a x Nb, Z r . Cr, H f , TU M 
ikM-en, MitfN i f emt^o. g-ffcTVU^ 

$f*LV\, Sfc* Ag, Au N Ru, I r N Cu, P 
t, Pd, Reft^*A«^ft:Sfctt^J(iJi*fctt 
MitfCoFeBltlfilWi'&CIl Cu 
/Ru, Cu, Au, Cu^M^ NiFefflfcg* 
I^i^CliAg, Ru, Ru/Ag, Ru/Cu, C 

[0 2 6 8 ] tftlfff irBfcftg S»^«^Sril2iS!S* 



ttI14 3^I rMn, RhMn, RhRuMnft<*f<D 
Z.<ORmmm l 4 3^^^/Wr^^#^^iS:— 

t J; v ^ R u ft x<Dm*J&&m& ± 9 SMfclwMti, 

BSSUS^g 1 4 4 2Ji*-Cj*BtLfc*i«»* Lt\, 

^ffJU^o MttfTb^3 0 0tC0I rMn-eii3 5 
Or^l^SStr^o 

[0 2 6 9] Ww!)— ^Sr-t"5ii:ft< % '>4<tt,« 
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00 EtfSM&M 1 4 3;$SP tMnW i Mn<DmgMk<& 

£L<te2 7 0-3 5 0ttTOl #£1X121-2 

[0 2 7 0] ftfc\ V^fttf>K3fiBH4Jifc, 
t-e* So W\ flMUteB 1 4 4 2 <D£g^J& 

5:i»SU>. Mill SS««WB 
aBSttJBA^S. CoFe2nm/RuO, 9nm/Co 
Fe2nra^, R u ^SMIfM 6 k O e "T?$>5 
- JRAQsS^^D 7 kO eHi^ffi 

[0 2 7 1] «Jb©*ttfc J: <9 , WCIM 144« 
SSvMfr&t-Ji* StfbSAJIl 46^T^/UK1 1 (DM 

O0-3 0 0OeiSB0x.t, C/-^K^M@*1 

[0 2 7 2] Ell 7lr«Lfc7V<y h^v/s^^y 

-f T^JB^aK«ffi»0lJx.fiC r r Coi^Ti 
0±l:MtfcC o P t o P t C r 4^ *>5VMi 

i 5 i tRm&\m i 5 2 srMi&sts l-cbhb 

1 5 2«r/ftBlUT. ftfcfttt&feJI 1 5 1 SrfiWUTt 
it, (Ms • t) lb/ (Ms * t) f &2«TKR5t1- 
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tt««BWC3-6 nmTS*iX?»<45i:, (Ms 
• t) lb/ (Ms • t) f S:2WTtwi-5fc*^ % «✓< 

2 nraTKT<!:45o 

[0 2 7 3] r ttfcWtaiiai-ett lOnmf 

S*»c»<4Si:i«»at*^»lt<*5o WtBMs* 
lTWCoPt Bflf«ffl»"Ctt* 2 0 nmfft^, 2 0 
0 0O e&m&ffitJjXfoifch^fc, 1 0 nmt1t8 0 

/o o«/^7^i-eitjj«ttiiii s i*m< ^s^if^m 

s^l TCON i F e £ 7 nmi?(D I rMnSr«JBbfclK 
/^T^JB-eH, 20nmft800etfcofc««A 
1 0 nmWttt 1 6 0 O e l:* T*l|*t5o :<Z)16 
OOelt «MR^7 KT*SiaSr*-t-Sffl:-e*>5 0 

KTi45±5 4*«m »«ttBt/RaiaH4]BI^^ 

[0 2 74] $ 5&mt£j3i 151 /SSfflKfflBI 1 5 

i5itiriiNiFe*4-euv^ 

^t^NiFeCo^ CoFe^^. Co ft if # 
±9fiF*bt\ 5&BH4BI1 5 l i b-C«a?dWk<0/hSv^ 

JO [0 2 7 5] ft *5 % El 1 7 -Ctt* ^y/^uyffi^gU^fe 

»j*r*wo3iy^^-r«»si:u-c, '>ft<i:t>T 

/W77l^#UtJ:i\ ftjb\ *S H s B ttLlfc#ofc^ 
fcSVNttWbBM^RaiBttJB l 4 3 t«/W7 
^JSt^««te^S:83«>5fc«>tc:. 3S«ttBtl 5 icoT 
td, T«il 4 3 tB«l:r<»v^Tifill 5 3tRlt 

WL*M'hm\z±tbZfztb\z^ TUSSl 5 3^J5^2l 0 
[0 2 7 6] B!K»ffi«SrffiV^5*&^t>. IH^iwKit: 
JO V\ L^L, C o F eftifCOiS5^«afii«ifc:SEbatr|2C8fc 
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JiTNfe*. ^w-e5SK«ft^[OT«6t UFeCo^i 

[0 2 7 7] K3£S£t£J8l 152 KM:, * tfV^uXJBHc 
/B v *fc t £ n«ftR3*flH4#«r JSi * £ ^ k 5. 

tt^-f -tb-C«E^T^Jl<OR3ft«tt«ti 5 2 

[0 2 7 8] AffWtett, R&SSttJgl 1 5 2 left, p t 
Mn^P d P tMnftifOjR«yafcJ:9. HuA«B*t" 

5R3S«tt«-et>«fcv^^ «<fcH«/i#s«ft^-e» 

^ltt5Tb^2 0 0-3 0 0t^, RhMn, Ir 
Mn, R h R u Mn , FeMnft^ J* tfVWl^Jgl 
OKi»aittJiK:tt**t J: 9Tb a«W^R3M»tt{*:* IP 
I r Mn, PtMn, PtP dMn^ifSrffi^S 

mi 5 2<D&ms<-{Txjj&}* h7^^i*ffi]^"e 

SFfciKtS-tiriCi^T?**. SfcR&8£ffiffil 5 2\z 
WMItift^TxB^^^ I rMn, 
FeMn, RhMn, RhRuMn, CrMnPt, C 
rMn?i^^fflV>6t, l&toSI^gft^a^;:, * fcfV 
^/^lK^K3il«ttJl 1 4 3 0/W7^i#^fS]^SL$ 
lift < . * tV/^uy^saitti I4 3t: 

[0 2 7 9] — 0 2 7^^i~J:5iw, OtfbSAJIa 
T*Jf l 5 liR3£B£t£Jf 152i: -tcoTift £ b-CfiS-fbS 

&mt<o&m&&*&$>z>tL$><os<yyTm 1 siu 

e, Co, N i 4if^&*«3*l«tt*t?fc*w fcJ&SffS 
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± 5K:A#ft«'<>f T*B&#£3§£$1tT^ * KOiBff 
iftTS:3l#fiwbfc5t"5-i:ft<. 

[0 2 8 0] (HJSO^f®3) BI2 8^*55|q<7>*3 3l 
JS^flS^r^^o 0 2 8 (10 2Uf^ ^^^<j^m<Dm 

m&mttZo 02 7^^ov^T. 7^^/12^11* 

fig$iX^:XtfWVuyjKl 4ft Ta, Nb, Zr, H 
f fti?<Dj?$ 1-1 0 n m<D$mteTi&m 14 1. &g 
70 tOSCTJf^O. 5-5 nmtf>»2£>TiftJBl 4 2, ^ 
ftl61146, fSO. 5-4nm^BI14 5, 
flfrffcH** 14 4. Rffim&m 143, i^S^/STD-CJ? 
$0. 5-10nmOfiWl4 7H*/jtSh5. C 

zx-mit&&m (7y-i) 14 6, tp H iii4 5, « 
ftifn 4 4, RsamttJSi 4 3tt%ifffi2 tmi: 

[0 2 8 1] TSSJl 1 4 2 fcHU A u , C u , R u % C 
r , N i , Ag, P t, ^fcl^Rh, zLtzte^tThht:^ 

[0 2 8 2] 0 2 7id:Jo^T, 02 1 tl^lC— 
>T T X!g 1 5 , — ft<DWM 1 6 J: «9 ^ b°>-^</U^ 1 4 

^^^T^t°W</uy^l 3^«fig$tL5 0 £«b{w 
^±CEI2Uia Kt7 7'I17, JbS/— /UK 

1 8^«j«S*L5o 

[0 2 8 3] (HJS^ffl4) 02 9|j:*^§P,l; 

JO [0 2 8 4] 0 2 9tC^V^HHSS?gj!i2(O02 1*3 J: 
WIO(6«»3«>H2 7 ^)»frilB««c:, T>—^K1 
Is T^ty^l 2 01H, -*f^V7^1-i 5. 

Mf^/l 7, ±5/— 8^»***t6 0 

L. 1 6 ^BBIB^ trw<yuXJBt 1 4 <D#f;£/$?0 2 

1*WB2 7 ifi»>S5o 

[0 2 8 5] ^tV/^yiiHIl Ta, Nb, Z 
r , H f ft ZcomZ 1-10 nmO»TiS 1 4 
40 1 , ^J^CtWJ 0. 5 — 5 nm<^^2(7)Tlt!Ul 1 

4 2, K&BfttSl 4 3, S£§fll4 4 > »S0. 

5 — 4 nmO + HJB 14 5, ^kSSS 14 6, 

0. 5 — 4 nm<?D^ 2 cO^raS 1 4 8. $2«fflf 
Si 4 9, »2(^R3fiattjB 1 5 0. &*ia£C-CJ5i* 
0. 5 - 1 0 n mO«H» 1 4 7 ^5>«jfiSil5o 

[0286] tmtmmm 1 4 4 tmntmmm 149 
ft< t h-u^. 0 1 7 tracsaaffiBA. e^is^ 

S, »«tt/iB^feft5«JBWbH*/iSrfflt^5 0 -t L 
tl) IftlMl 4 9^ttSyAF»{fcH**, »t 
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2) wzmhmbmm 1 4 4«;:j4s y AFttiti, « 

it, *>5VM4 3) 4 9i:WbB*JBl 4 4 

WKfib t S y AFKftiMOiB^btSrffiV^C 

[0 2 8 7] Sf/W7^il 5f4V^to*57/<y N^t 

7, B2 8^Ml/q7^1l5?:!)7ht7S, 
gp*>, 7* bus?* NSr-^^tcbT, ^tV/^f 

r*. R&i&ttJi i 4 3 co— »«:*4< <t ta-rr b tw 

{0 2 8 8] h9y^«4B»BKW«*SBS:ai-i:, T/< 

U<D* ^^y</uzfm(D-t^Xt:^ y ^^^^ ttf/< 
[0 2 8 9 ] ««1 6l4«/^7^Ii-JSLty7h 

mtmm £ tix ^5 n 9 y * y ^gps^ n c& * 

^ ^ n y t 45 J; 5 4K8SEft"C1i, -£CO;* y y 

- W K*fifitt3*&ei2 1^2 7C0HJfe^fl§{ct>igffl 
XZZ Q 

[0290] mm<Dmi&5) 03 ott*$wi*>$&fc ^ 

*fe^^J£?KfliT-fc5o 02 1 K»Lfc*lfcO»flB2 tPI 

^ (H^H±-f) §:7f£/&U $ 5>J- -toiler fcrw</uy 
Btl 3 Sr^jsKL, S b^-e<7?±^0^UTV^?Sv^±dr 

Ml 3^h7^^(gMffii:(j:-^I/q77ii 5*3 
<fctf«ffii 6Sr«fiJti-5. K^77ittt- Mi: L 

"C> t«6jb 153, %mmm i5i, s^a^jgi 1 5 2 



2000-137906 

So 

[0 2 9 1] Ml 6l4Ta/Au/Ta4i^M6i 

Dtttt^r^JWBBBHMD J: 9 t)»<««sn % *tr 
1 3 1 6 14 h 9 y * «ffl«Sffi«"effi» 

tti-5««Sr*-r5o «E^77«^»18ittat5 7h 

IStf«*|;45^, 4»»r*»flEo««B«tel4 K7-f 
[0 2 9 2] |f/W77i 1 5^^5q£bftV>«ffil 61 

1/1 0ETFO4fr&fcl4, ^e>tc^t: 0 ^<yuy^^t: 

> * f s $ ttx v > -s t > * tr 

■WTFtt ^omiBK^o«W-er4?f**tos*«K: 
(S«Six«^-e. «*IBBlLD"ei5^h9y^«3Jsa3e 

xtz 0 

[0 2 9 3] $ M^tV/^Il 3 bWMl 6t4® 

[0 2 9 4] ^r-e^|||E»**«rW»*&«>l!iHfth 
7y^«S:»5«)T^><twJ4, «ffiBnPHLDS:»«)-C«0< 
««KIIH^*b<»E<*Si:*iF^ 
IP*>^-Y h«:-t*uK±lc*»4ii:f4H|||^ft5 0 
8otHDS:LDJ:n*t<t5-i:^ K«r# 

v\ b^*U-€r^*&^f4£AT^raiH^3S*i-5o 
[0 2 9 5] -t^i^ffliHtt, ff^SrtT^^trv^yu 

«1 5^-TJ:9i-> **M"t?ttWkH*»o**, * 
«tt t fHW*3j:WK<t:e **^»*O^W-Sr l 4 nmf 
^T^PP^^Cirici: «9, 1 6 Q«Jb^ffi^E®ft<fc 8 

[0 2 9 6] 
[^9] 
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ai4 
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Ta(WMttOn) I rMn(M/UH»B/ HfcJS&S/ a*ft*A/ *ffll*Bfc*/ |fc»|/ Ta 



&B&J9B 


Bfc&SJB 


MtUgA 




S/VariiJB 
oaiL. a lafl 




R s 


AR/R 


if? (an) 


*S (an) 


9$ (u) 


mtfr C UJIU 




■A. ■> /W «l ra .b- / 1 

fflSa^WS (M) 


{01 


(I) 


C o F e (Zqjd) 


RuClfco) 


CoFe(Jm) 


C u (2oi) 


CoFeCO. 5oa)/NI Fe(L5ni> 


9.9 


as 


8L3 


CoFediitO 


R u CO. Su) 


CoFe (2hj0 




zv I? a fit /&.r ■ _ / j v 

u o p e lu. jqdj/n i F e (4ni) 


10.8 


19.5 


8.7 


Co F e (L Sua) 


Ru(D. 9u) 


CoFe(2na) 


C If (9 Z.mm) 


tore wm/ 


9.9 


19.5 


9.7 


C o F e (2m) 




CaFe (2m) 




v o udD/N i p e Cmi) 


a 9 


18.2 


19 


C 0 F e (L iio) 


Ru(l>. Ju) 


CoFetl. 5n> 


Cuttu) 


C o C1di)/N i P e Oan) 


9,9 


22.8 


8.1 


vote uanj 


RuCD. Ju) 


CoFe (2. 5m> 


C u (!u) 


CoFe(3m> 


1QL 4 


IU 


117 


CoPeCW 


RuOnn) 


CoPe(1. 5na) 


Cu(l Sqi) 


C o (lni)/N J P e (4an) 


13 


18 


8.1 


CoFedlu) 


RuClftu) 


C o F e «. 5ns) 


Cu(Zhb) 


CoFeamVNi FeC4.5ai) 


14 


16 


IT 


CoFe(3an) 


Ru(3.9an) 


CoFe(JBi) 




CoFe(Im)/tfl ?e<7ii) 


17.8 


13 


6.5 


CoFe (inn) 


Ru(9.9u)i CoFeWai) 


Cuttan) 


CoFe(3oi)/N] Fettu) 


118 




7.2 


C o F e (1 ho) 


R u (ft. San) 


CoFe (3ai) 


CuttSm) 


CoFe(loi)/Ni Feftiio) 


1A.6 


14. 7 


7.3 


CoFe (3nn) 


R u (0. Tan) 


CoFe (3ai) 


C u (1m) 


CoFe (5m) 


H.7 


12.5 


8.2 



[0 2 9 7] 

«15 



20 ($10] 

*Z»\JrtM& : T a (5m)/N i F e (tea) P t Mn (7. SaD/aBfcf B/ mtttiMf MUtM A/ *n#B*JB/ «ft& M/ T a 





BfcttaiB 




#Btt*HJ 






Rs 


AR/R 




»5 Cm) 


(81) 




(an) 


MdttffS (m) 


(01 


(X) 


Cottni) 


R u (0. 9so) 


Co (2an) 


CudSoi} 


Co(lio>/NiFe(2Da> 


10. 4 


23. 5 


1 s. s 


Co(2a} 


R u (0. 9ao) 


Co(2an) 


Cu(l 5m) 


Co (a 5m)/N i F e (2in) 


9. 9 


19. 7 


7. 9 


CoFe(2oi) 


Ru(0.9as) 


CoFe (2m) 


Cud. 5m) 


CoPe(ln)/Ni Pe(2u> 


9. 7 


18. 6 


8. 7 


CoFe (2m) 


R u (0. 9qe) 


CoFe (in) 


Cud. 5m) 


CoFe (3a) 


i 0. 4 


18. 3 


9. 1 



[0 2 9 81 ^(D£ p^®^Sc7)^b 0 ^</^y^^v^T 

*ttffi*ft*&*m-r*fc»fctt, i) «^tH»jiosft 

«f±JiAi:3fi«i4iiB^fif c cfi^iCoFe, 
CoNi, CoFeNi'&Mffll^:^ 2) fl^fci 

o. CoFe, CoNU CoFeNi^fflt^: 
t, 3) &&mtem\Z&P tMn, PtPdMn. Ir 
Mn, RhMn, R h R u M n t*<0 AMxi^tf 

[0 2 9 9] HD^rLD t^^<SS1"5^com 

«ffim i jBe^ <-y r ^ m <o Tim h m d & \ s »s — it -r 5 



[0 3 0 0] It, 1) HD=0. L 

D = 0. 45/im, HMD = 1 . 3 rru 2) HD = 
0. LD=0. 35//m, HMD = O. 8/zm 

[0 3 0 1 ] HI 2 9JwttK<ke*JBfcStE<7>BBtc 

[0 3 0 2] imi&<Dmm6) H3 i^*jbw^S6»w 

5 3. I r Mn , RhMn, CrMn/iWSittl 
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152, CoFe. NiFe, C o £ <D%m&m 1 5 

[0 3 0 3] - <D±\ZX M°^s<j^m 1 3 tm&zft 
*^£^^<ft:a*Jil 4 3l:#^f5fc^l:, g£ 

immmz vmmm\zmn:& fiii4 3 s:e«lt«e^ 
fc*i9#*bv\ mits&mi 4 3^T±tfiJii 4 i, 

10 3 0 4] * \f lss<;vzf 1 3 <^±tCfi— ftCOWM 1 6 

[0 3 0 5] 4 fcHJ6tf>»||g 5 Lfc <k RUSHc* H 2/7 

DftL D <fc 9 < , fioHMD i 9 /h§ < -f"5 C t \Z 

J:<*Mre#8. Sfc. B«t;@*®, *HH±<f>IM« a 
[0 3 0 6] fzM6o 

<nnm mz s mm^RifmmR^mti&mm^m 

[0 3 0 7] *1\ **16**«)*ff«S:JH^i-*Mf 
[0 3 0 8] ii5ttlg(0^t: 0 V^/u^ (J^T, SVK 

[0309] (i) HftttfedsjBt* (mztymyu-txT 

[0310] (2) W^««oJ:9— Jl<^|fii±SrBI«± 40 
"CM R aMfcsftW^S ttv^o 
[03 11] (3) it^^t^MR^b^tf^n^ 

c o f e^^mmsxmmm^m^Lftm^zmmmm 

[0 3 12] :hb<^S V«<DRHfco^T«TKi¥ife 
[0313] ( 1 ) jfifgfcte 

s vvt<omm<o—fflbt£mj&b ttn n i f e or 

nm) /Co (lnmS$) WiFe ($nm) /C 
oFe (InmSS) tfftbtlXl^o r <£> J: 5 50 
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(a) Ta (5nm) /NiFe (lOnm) /Co 
(Urn) /Cu (3nm) /CoFe ( 2 n m) / I 

r Mn (7 nm) /T a (5 nm) 

(b) Ta (5nm) /C u ( 2 n m) /C o F e 
(3nm) /Cu (3nm) /CoFe ( 2 n m) /I 

rMn (7nm)/Ta (5nm) 

[0 3 14] ±EUfci54SVKm 2 5 0tX4 
HiI^7 P nt^7^-/K'a s - d e p o^OMRfiS 
^UTti*fi^-C^j2 0%«±t^MR^4Dt b 
CT^tf (a) (DSVmXita s - d e p o &fCDM 
R^t^6. 4%rt*2 5 O^X 3H60T^— fr&\Z\± 
4. 7%t a s - d e p o^WLtft»JfC2 0%K 

*K^tOT#ftV^I8t-*5o fc> NiFeSrBB 
SiUffl^t^*^ (b) (^SVRtt, as-de 
po^MR3E<»fi8. l%-C**50)l:»U, 2 5 
0tX3H(D7=-;Ug|:fi6. 5%£as-depo 
»4W»LtlSi2 0%<z>^b*v£C3 o I^J:54MR 

mtm<n'£fc*m^&&&mmz'tz> -tt£< es«i-* 

[0315] ***ft*j:rti»tfc«*^y K-Ctt, «fc 9 SI 

fc<fc5K^£*T-W#bftT^3 S V«-Cf± % as-d 
e p oNp^t^tvTV^MR^t^Sr. Kcof^MX 

£ Q :hlllOGdps i«±£t*±5*E»*«fc:# 
[0 3 16] (2) ^»*^*J«icj:5MR«f[:*o 

iSMR^t^Sr^-fS^^lwH, (1) XvTtfca s 

-de p omz^^rix^^tzMRmtm^^y^ir^k 

*Htt*V LT_h*f 5 ri\ tl<llas-depo» 

m^^mz Lxm^-r^^t^^z. t hm^x&>z> 0 

[0317] GMRMll «^ OJP*a kfT^J: 9 t 
Sv^B^I4»^/*»^(0«JB«<oJB*^5*vms 
if^fcr^ff*a*5»t5ii]*^*ii*.s<o-e, mrm 

%mz^y K-C«V^bn«GMRfllO*3S»w*5l^-CH:. 
[03 18] r:ix*^LT?tekSi-Sfc«>{rJl!BfcS:Jt^ 
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hy-^trw<yuyK («T. D-SVttte?-) ) 

*> 5 a* v nmm t v * ? < wggjg sr^-ev > 

[0319] mtMmi^Hx^^mmmm 

lM<D—i&R)t!:mm<D S vmw#ttS:r6l±$ii:-5 1 o 
[0 3 2 0] «liGMRlOS*3.= y hco±TS-C- 

-fco5p*&a*fTSwgEBIfc*ftm^^»i&-c , #i*, gmr 
w i^-c-#/£V^fc*b, MR^-ft^WJ-SSrbTt^o -t 

SL SrS ft 5 i 4: # t?# -5 J: 5 * 5 * > M R fc^tfS 

[0321] jiiEu^jasii— i&mtes vmmmizmtb 

[0 3 2 2] a*. -kigLfcJ; ? fett£KAt»%*8ME 

[0 3 2 3] (c) S ilfi/NiO (5 0tim) / 
Co (2. 5nm) /Cu (1. 8 nm) /Co (4 n 
m) /Cu (1. 8nm) /Co (2. 5 n m) /N i 
O ( 5 0 n m) 

(d) Si SS/N iO (50nm) /Co (2. 5 
nm) /C u (2nm) /Co ( 3 n m) /A u (0. 
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4 nm) 

(Ref . J. R. Jody et. al.. IEEE Mag. 33 No. 5. 3580(1997)) 
(e) MgOlS/P t ( 1 0 nm) /Cu (5 n 

m) /N i F e (5 nm) /C u (2. 8 nm) /C o 
(5nm) /Cu (1. 2 n m) /A g (3nm) 
<RefJl|#*flM!L B#£JR^# 1997^#^A#Sf?S 

«Egp142) 

( f ) Si S*S/ Sis N4 ( 2 0 0 n m) /B i z 
03 ( 2 0 n m) /A u ( 4 n m) /N i F e ( 4 n 
/0 m) /Cu (3. 5nm) /CoFe (4nm) 

(Ref. D.Wang et a I., IEEE Mag 32 No. 5. 4278(1996)) 

[0 3 2 4] ±SE (c) ©SVRflt JbTPfJiirkifc 

^->^y^< y r coffin ^itftlftttwBMbifeSrfliv ^cfs 5 a 5 . 

n i omi±mkVd%.Hmx°hz>Lmm^ msm.^ 

20 »-Ct>fc5fcfe. N i OtzSLTV^SffittSWBS'ftSrH 

[0 3 2 5] n i or±3*sws-a-#a«s< siffittas 
xmtmmmvmfcXfotf^&mk * 9 . maasasir-*- 
io icii, Nioiao, %tz.*>tv-7mt\sX'm<n>mc® 

TLtp. Igfe&igfctOttAfiE SD (electro static d 
ischarge : flMUttB) £3l#jgr L^i"< fcifcJ&KS 
*b< £>bt-, C o F e SrWitcffl^fca^, 
CoFe M: fee (111) El«3*-er4ltixtf A»*«t 

S^illCoFetcotf cc (111) ffiF6j<7V< "jy 

40 mtt£%„ 

[03 261 *fc. (d) (OS VJgT'teTiffiJil-N i O 
RWJRt^oTV^. *7t, (e) CSVinHi 

lorolSiit (d) ro^clfcfcii, Sl«®-e<7)* 
50 *A«fflt«ffi-CH:JPatt*5W<*9. 
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#ttJb J ^-r< ftoT^5fc*Tfc*£iEtt£ftTl*5 0 
[0 3 2 7] ^EUfcJ:5ftA««SrBI«ffi*wffli^R 

««t o»««gt^/hs < -e**AT?H:*fiJ-eab«. l 

^U***6>, Au*Ag0£5&JHUU^K*S70 

nt^^ m & *»0Bg*s s vm±\zmm ^ti^rt^t 

[0 3 2 8] #Jx.tf, ^UKIMR^>> KteiSV^T 
±^aw*ixa 0 (d) ©3tBttelE*Six-Ct^-Bi5 

[0 3 2 9] %BR|C. (d) (DSVig(DAuRiffiiC, 

JtfS94s v«£M:#;tftv\, 

[0 3 3 0] (f) OSVRli (d) ^iCAufe 

ii:*s»b*LTis9, wnfc»fW"f-*fc»K: (f) OS 

[0 3 3 1 ] L0>Lfttffe, (f) ©T*JlHtJtffl»tt 
#jfei:tt«x.*V\ "*-ftfe*>, Au^B i 2 03 Jg|± 
fc/*fllU 3 5 OtJTfT^— fcA»*RltSWIl 
*«§l#ffl*acfcSr*JfflU-C, f$20nm^Bi2 O 
3 «S:TJfSi U-Cffl^TV^4 (Ref. C. R. Tel I ier and A. 
J. Tosser. Size Ellects in Thin Fi I ms, Chapter I. Else 
vier, 1982 , LI.Maissel et a I .. Handbook of Thin Fi 
Im Technology. McGRAW-H i II Pub I ishing Company, 198 
3) 0 

[0 3 3 2] $ P>\Z. S i 2 03 m<DTi&k VXm$ 2 
OOnmOS i3 N4 IRSr/B^Tl^o o£ 9 , -&f+2 
2 0 nmt>COJi[$cOT«!i^^Au^OT±tll<!r LTfflWc 
±tc, 3 5 O^£l*5KfflT?<0T:=— /uxatST^ 

2 2 0 nmi:V^3]BI»W:^a***ft^fl£o-C*t- 
* -v > ft 5 r. £ L < U i ft 5 
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3 5 0t)^l^ili«^Ml{i, GMRglrio.TS 
* t ft 4 * tf v##*SL r -mttJS/^qBte (fUMI 

S5 0 z<D^&tzt7tummcmi%tzco icof 

e) /Cu/Co (CoFe) «JBJR«r/fl^fc S VJR-e 

[0 3 3 3] (3) CoFe«S$iJ» 
CoFeiSr^iitUfflV^^ fee (11 

1) mfavtcTwmzmfs-tzztX'CoF em& t c 
/0 c (l l i) ISft£it\ wix^J:0*««4W4S:rti±s 

tt, fee (1 1 1) KfiLfcTitMfcUTCuJB-^A 

5 looaifftK*-efc«KJifcov^-ctt^<«HPSix 

[0 3 34] (g) Ta ( 5 n m) /C u ( 2 n m) 
/CoFe (3nm) /C u (3nm) /CoFe (2 
20 nm) / I r Mn ( 7 n m) /T a (5nra) 

(h) Ta (5nm) /A u ( 2 n m) /C o F e 
(3nm) /Cu ( 3 n m) /CoFe (2nm) /[ 
rMn (7nm) /Ta (5nm) 

-bELfc (g) OJBt-Ctt. CuKttf c c (111) E 
fBlbTiSt). :<Of cc (111) Cu^±OCoFe 

lUcc (i i i) efiLTttM4tt*a^sst><& 

(O, ( i ) WSMtrfSJBV Mas-depo:8. 1 %-> 
2 5 0tX4Ht: 6. 5% (MR«te*tefB*frfl:T- 2 
0%'£i£) ) . (ii) ttfiAtt-i 4x i 0" 7 

^xftv^ 0 aaix^waftjstfttftv^, io^s? 

£ LT(i- 1 0 x i o- 7 -+ 1 0 x i 0- 7 g^S£ L 
[0 3 3 5] ^C, f ccfflatCuiCftitA 

u«:fi*i§ ( (h) <om \zt>. (i) mmmm 

V> (a s - d e p o : 8 . 4 %-> 2 5 0 <C X 4 : 
6. 5% (MR*^*tt«»lfC2 3%^fc) ) , (i 
i) 181^ tt+ 3 3 X 1 0" 7 tftMtt^Pft^ C 

40 ttt«*.ftVS 

[0 3 3 6] ±12 (g) % (h) <7)^t°y/^yK<7)X 

C o F e/C u/C o F e 3 Jl"Cf3:tfH«ft d V 
^^ffi<tftoTV^57t^, 1 OC0t°-^C^ot^f-(7) 
T\ ^rOb'-^ft^^oTto CCOirt. CuiOCoF 
e/Cu/CoFe3lOf ccifpl^d- (111) 
v'>'^fii:fi2 . 0 54 nmt^!), Au±OCo 
Fe/Cu/CoF e 3 M<0 fee IEfp]<^> d — (11 
1) j*Xl— ixv^illi2. 0 8 6 nm-CfcofCo aiEi" 
50 ^>J:9ic, ^bCuiib^r/Aui^d- (111) 
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(111) X^-is^^m. Aui(0*tt?5d- 
(111) ^—*>^^ffittjff4L<*V^i:^^o 

[0 3 3 7] ZV>£ltZ s CoFeiHi^MS: 
JBv*5»§\ »l:f cc (111) iEfa^iirfcTifcif-b 

ffifft^f cc (1 1 1) IEft£-£fcN ieoF e 2 o_h 
l:CoFe *J5ft«U mm&}\aZ&m<DN i F e \z£ K> 

mmm±ftkvxmm*&\zTz>mi!k (±Ebfc (a) 

So 

[0 3 3 8] Jh&U*:J:3K, !S*^^tr^</uyffltH: 
[0 3 3 9] * eV/^y^KOMRfft^CD^i 

[0 3 4 0] $<b(C, ^tr^<yu^«(Dtt««;»ttS:fl! 
*S±"C\ C o F e if ^ * ^ C o 

[03 4 1] #{::, ^SStt^jm^J:-5^b: 0 ^/^^ 

[0342] *seft«iSM:r.*>j: 5*i!iai^*ttoi-afc 

^, ^fc^ti^%lS:uy L c±-C^®Rlt^^J:OMR 
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[0 3 4 3] gTF, -batbfcRJHS:«P*i-5fc«><^|ll6 
[0 3 4 4] 0 3 214, *«W<^««Sgta**^ (M 

fo5 0 m?)»l*3j:i;S2^8ttIl, 2J4, 

Si, 2MttR»«^^LT*5fe1\ *H6-&®(OSWt 

[0 3 4 5] ftl*3J:Vflg2 4>W±J| 1, 2f4, M*Lfi 
C o ^ff-^C o i 5 Tfc c o Sr^trSSflfcteifct:: J: 9 
fllfiKSn-CV^So Ml, 2I4N i F e-&^*ifT?« 

[0 3 4 6] }&t£Jf 1 , 2 **fi6-f 4 C o£»£& LT 
te, CoCFe, Ni, Au, Ag, Cu, Pd, P 
t, Ir,Rh, Ru, Os, H f ftJ?d>P>9tfJxS 1 

SsADTciSfite 5 - 5 £tfS£F£L<, £ 

h\a±s^2 o^%v>t&mk-tz zt^m^v^\ z 

[0 3 4 7] *l*3<tt/*2(DlKf4JB 1 . 2<7}?*>, T 
«0* 1 cO^ttS 1 tt«*Sft»*|6l±* (MRft± 
Ji) 4±H^$iXtV^o MRf^]±i 4f4TifeMfg£: 

i. Zr, Cr, Nb, Mo, H* f *5 J: tl? A- 1 7^"b 

tcw&. mzmm-rz&ii^ mr &\±m 4 r-sttut 

ixft^o ^m^Sr^«ttTifiS 5 /MR ftiiJf 4 ^ffiT* 
fcftZltZZkfcXZZo 

[0 3 4 8] mi (nmm§ 1 bsunbim;: ± 9 

14, I rMn, NiMn, PtMn, FeMn, RuR 
hMn, PdPtMn, Mi04^j5^45K5S8ffiS 
6^j5KS^TVn-5 0 jB2<75«f4Ji2^ttK5fi«i4JB6 

§0 *2owtt/i2tt«{bH*Ji-e*5. 

[0 3 4 9] BB3 2-ettH***UTV^ftV^S, ^2^0^ 
JO b, *2<75«tt«i:*3<75ai4JlS:RKKY«»cRa« 
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3(Dttt«4WMttt, CoFe/Ru/CoF 
e, Co/Ru/Co, CoFe/Cr/CoFe, C 
o/C r/Cofcifas^lf 5>jh,5 0 ro^^os3S«tt 

[03 50] Ilib^^2(Dffliii, 2IHk:Ea£ 
*L5#«ttJl3^«J««-J|B|-i LTtt, Cu, Au, Ag 

[03 5 1] R»«ttJB6±JCM:«§iJl7d*»tbiL-C 
*3!>, w<^«fl|*7li*«ttT«Mi5i:BI«*^Kt>U 

i±, »i i ^»tt/M7^e#^Mt^f 

R*59MH£R£>b 45'<-f r ^^#TOom$r* LTV n 

[0 3 5 2] -b3CUfc^trw<yu^R8*=R*-t-5*Ji 

H3 2l^-TMRlRl±JB4tt*l W4fe«R4 a t$2(0 
4kRR4bi:^«RWc:J:9«j«:sn-C^5 0 *tr>v< 
yuyR8CDTlfi<bbT«flB-r-5^JRR4a, 4bKJ±, 
WitfCu, Au, Ag. Pt, Rh, Al, Ti, Z 
r.Hf, PdjoJztM r^b3BtttbS*4< it 1 f I 

[0 3 5 3] ^ftfe«*O£RR<0 3^ IIOM 
(RRR) 1 i»-t-5Rl<o4kJBR4 a*3=k ttirt 

t Lxm&'tzTzmfcmmm 1 £££ tt**t5s* 

m 1 tSf-t"5(R9lc:tt, W*.tfR^R*^JSv^AR^?>4 
5»10&JRR4 a 7)«g£*U -t<7?#MBS^«^jfiftd5 
(fBltf>&JRRl a ±0) gl^2£>&JSJ8i4 basffifi 

[0 3 5 4] r-T% **M^*3*t«*ffl*<O.B8«^o 

S*0 2«R03c*^*H*0BB«SrWi"5JRffltW:, 
27c^<^t9Sl (0iJx.fi, Binary Alloy Phase Diagram, 
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2n d Edition, ASM International. 1990&£0 t:::Jolv 

«JDK-T-%*dSi: t>»c 1 0%WTTfc6^coM^^-fr 

[0 3 5 5] LT, £&f£Jf 1 ) 

^(^ov^Mt^o B£t*Jg£f c clEfa lei-stable 
MtTJftRtfS f c c&S^h c p&JR-CfcS^fcrisa^L, 

i ttttA I , TU Cu, Zr, Ru s Rh. Pd. 
Ag, Hf, I r, P t, A\it£i£&mf btb$ 0 Ztl 
?>^|oH> C o i#H*i^5±EO*#«:«S 
i"55c*tt, Cu, Ag, Au(7)35£*t45o 
N i 4:*H*4:V^5±E^*«=S:«J6-*-*a»W:, R 
u, Ag. Au(D35c*t4So fib. Btti^UTN 
i^fc^l^e^lete, Cul±ffil20*S:#fiB-t-5£ 

[0 3 5 6] 1~fc>:b^, 7!l- Jftf*»V^4i^lef3:. MR 

fajbRwwa&LfcR i nmmmxn&m&mmmmt l 

^lt»^4i:t, diffusivefc#ffile*o-CL*5 
^rfil^SvM^sp^^^jB-cfc, diffusive##ffile:fc^ 

tT5 i:J:DB*i45o o£9, »ll:J:otMR$ 

[0 3 5 7] W±Ote*^b, N i^Cutli^i 
#i:¥««$ftS. Sot, NiMi:W^SM« 

40 <DU.Z*&t>*t\ZC\x&1)U7LX, Ru, Ag. Au. Cu 

® t ^>*[BOlWRft«tt3&sjl»»a4 J: o T 
[0 3 5 8] ^tt®^ f c cis^i^it^^i: 

f^tr»ur^Jxb^MRr^±Ji&fflo^Tfc«fo4v\ 

*(W?j^tt«ttJii: UT, CoFeB, CoZrNb, 
CrllTi, Zr, Nb, Hf. Mo, TafcifjWJRill 
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[0 3 5 9] Sfetw, ±K05E*tt:±oT«/*SftfcM 

(c±^MR^_bJi-c-fe5o ^^as^n^^sr^-rs 

Ttmt LTtt, f c c^JS^h c p^JR^a* b< , A* 
U Ti, Cu, Z r, Ru, Rh, Pd, Ag, H 

[0 3 6 0] MRfp]_bS dAMSt Srigffi -T 5 4§£\ B*t4 

[0 3 6 1 ] MR[RiJiJl4^aJlJBtS:affi-f-5BR<o#* 
bi^JS:^i-o B94il*Co*fcttCo^ 
JH4 a fctfti#WOftfrtifctC u-Ci/JLfci 

£«Jg|4 b tt±EOH»(75*ff=S:»fc-t-A 1 , A 
u> Pt, Rh, Pd, I r*»blfiix5*4<tfel 

■rttA«i-e«*t5ri:*ff* lv> 0 &jrjbi4 a 

SrAgtirittfc*^, &JRJR4 bttP t , Pd, Au 

fca*#*Ul\ 4Ill4aS:Aufl»«Lt^ ^JS 
R4bliPt, Pd, Ag, AlH»in5'>4<i 
t> 1 ««r*tfftJRB|-e«j«i-S - t bv \ 8*£Jf 
1 ^ N &JKJgi4 a Sr*ixi*H*o*«=S:«| 

#£fifci-Rh, I r, P ta>b»tfjh,5*fc< fc fe 1 

[0 3 6 2] ±&LfcJ:5fcl&*^fe*o5*>* MRi^i 
-bS 4 Srfflfj^-r 5 2 Ttntfi 1 0 %i^_bSv >ic@*g-f-3 r 
fc^a*U<, «ttfAu-Cu, Ag-Pt, Au- 
Pd. Pt-Cu, Au-Agft^WbW. ft 
13* &mB4 a ir^M^4 bOH**b*tt, i&TLfc 
±IBUfcH»OHfffc»fcUTV^ftWJxtfftfefti^t>o 
T?ttft<, #J;tliCu-Ru. Cu-Ag(Dfi^bt 
ft^*i(r«i-*r.tf5rtB-t?*)S. «i«^5)45MR 
|6|±Jf4W:, Si <^^m^4 a £?j*2^£:Jgjgl4 b 

2jiwiHizi8i&r. 3 mu±(nmmmx~ffif&-tz z t 
h*imxhz 0 

[0 3 6 3] MRfa±JB4tt#l<D&*«4 a <hfg2<D 
A«l«4 bi05«JB«KBl&i*, OT?LliEI3 3 

lwfcS7c*co^^S 4 c -?MR[S]±Jf 4 Sr«figi-5 ^ fc 
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m*ft#;t*#awB-e*a. -rft^*>, wssiasco 

7citlTCu, Ag, Au^35c9R^e>affifL5^ft 
< £ t ia£$ir 0 *fc, 8ttil*Ni^5)45 
^!4c|j;±M7cttltRu v Ag. 
Au, Cu<z>4^*j^b»tf;ft5^ft< 1 1 
tr. • 

[0 3 64] <£&JS 4 c tt±ELfc=fe«jB85c*K^Hc^ 

ft < t h i ^Tc^^-atfo r <D±mj&jzmsift<D7zm 

10 2«#BtJffi£fte>ftv*«fc5K. ±*J5fc7n*i:B* 

CCu^ffll^Clt Cu-Au. Cu-Pt, C 
u-Rh, Cu-Pd. C u — I r ft ¥<D&&m,%k<n^ 

fcS^fctt, Ag-Pt, Ag-Pd, Ag -Auftif 

il:Au^^/:I^CIt Au -P t , Au-P d v 
Au-Ag, Au — A 1 ftifO*£K5RO-&Aj&Sffllr*& 

20 [0 3 6 5] ±^tfcJ:5ft^5%, MR[p]_hj^ 4 

5:i^a*K, i^Au-Cu, Ag-P t. A 
u-Pd, Au-Ag4WW?>ix5o r<£>£?6C v 

MRrti±Ji4»ctt«^o^*raiffl-j-aci*'e*, « 

ttf@3 4^*i-J: a c b<n>m 

JWfrCMRrtlJJi 4 C £ fe "TiB-e*>«. 

[0 3 6 6] J8«HllCCo*flH4|t»S:^V^5tl^, 
1 (DTi&b UTOMRfS]±l4 ttC oSIttffi 

50 HtSrf c cfEft£i^-t-^h c p*5e^&JRtmS:fflV» 

&z.b&»*\**\ r<aj:5ft£a>&fc. ±*ebfcc 

u, Au, Ag, P t % Rh, Pd, AK T i\ Z 

mmh b< B:-&^i^feftSMRlftJbJi4S:^v^5Ci: 
t:J:ot, »fc|£3ft1-3 J: 5 td, CoFe^ftifOC 
o ^8tt*t^f^- ^> ft ^^S^S 1 <0«fi«r{S*M-5 - £ 35« 

[o 3 6 7] mr fa±m4<nmm\±* Ti&mt\^x<nm 

9MR«ft«S*'>t5fcft, MR(Sl±l4^Bf|j:l 
[0 3 6 8] Jd&LfcJ; 5ftMRr*I±Ji4W:. ^ fcf^< 

wtigiti (»ssitH) ^u-c^m^. 7y-i^ 
»i ^:t)MRM^Bi ^t«t^i-^ii# v Co 

50 tfw<yu^R8 0j|S*»^3ftS:»J»-t-Sii#ft^S:# 
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MR#f££ft±$i£5t><DT*fc6 0 KT^> MRfS]±Jf 
4 <nfflZ tcov >Ti£3£1-£ 0 

10 3 6 9] £1\ ^b'W^uy^^^nir^^jbc 

r ir^tbH^o ^rO*|H^0 3 5 {r^ 0 ft 
03 5t:i:JoV^ I Fs Jt^t: tt ^ffm§L$tb5# 

ifi «^t p ^ff^ariift<^ffi§ga$ti5^ 

S^ttV^o 03 5 (a) , (b) tt9ffittffi (a 
s-depo^fCTJC) Sr. 03 5 (c) fi^n-tr^T 

[03701 035 (a), (b) K^"^?^ * t? 

E t 3 RaS2/^t@*®3^3HaS«^*3^T s 
WflO-e^«EBo»aSft*^ a s - d e p o^l:tt4i:tv^ 

t>) s 03 5 (c) K:*i-J;5fc\ :/nir^T~— mz 

[0371] &mmRWTtnmmEUtta&&n&w6ii* 

£>5 0 0S*.fi, NiFe/CoFefl-etltSW^^ 
^>^'>ftl^a s - d e p o#tlfflTtt«ffiS3ta*^ 

fc5NiFe-CoFe SStdfS fc#iEtttt#£ 

[0 3 7 2] AfW&fci, N i Fe/CoFeilf^ 
fe**^fctt^Ufc^tf^VU^Bl-CI4, NiFe/ 
C o F e^ffi^affiKtta&^S^n-fe^r^— ;H:£o 
X2tt>il* a s - d e p of$\Z 7. 3%T$?ofc 

MRJEW, 2 5 Otx 4H^^C2ir^r^— 

/Hr±*N iFe/CoF e#IWiI5lt»^ 
ffiji-^^MR^t^cO^li^^Cofc^^ 5 - 1 h^x. 

[0 3 7 3] ffi5feO%X.-Ctt. NiFe/CoFeH 

a s-d e p o<0«ffi-ettit»tt^^^ft^ 
4?ftv ft#® t ft 5 1t#>, ^JHRJlSlrttt (>flt 
ffi^»*dSdfe£5fc%*.e>Jx* 0 t:^, NiFe 
/C o F e te@i$<7>B8#Kfe5fctf>. yn-tr^T^— 

«a*^ft«tt^5tetoixT«aBRIt«tt^/hS < ft 0 , M 
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R*Mt^3eft^5ct^#*e>n5o as 

- d e p o«ffl^tt«lffiRlt3»*^«WMR«<l:*5S 
[0 3 7 4] 7y-I^l^|t MRfiii 

/B-rs^ #m&mmmmkz?y-mh<DRfcx-m*<o 

S£*^CT. diffusiveft^SScftoTL^ 5 <t. 7 

y hb a» e> mitt iS3isjf k ^5 m^mmm^i&T 

10 2v^^ft#f8-et* diffusiveft#ffi{rjoi^T^3f 

«fc9H*<!:ft5o 0;£«9> MliaotMRfjt^ 
[0 3 7 5] 7y-*t*»t£ia5WWB4:^ffffi^*5V^ 

Ag, Ru*mfZ>ZbtfX£Z> 0 ::t', Cu, A 
[0 3 7 6] Z<D£?f$Zkfaib s MR 

WJPf/ifix WtliC o F J; 5 WfflSrGMRS 

J0 *a^ 7 h^fflV^^ CoFe^Jrf cc (1 
1 1) Kfa$1i:Sfc*<&'>— Ktf fcUTtf>«fBfc*fc£ 
fttt4xtffte>ftv^:«\ fee (111) KlSlb^-rv^ 

[0 3 7 7] ^nt^7=-;W:J;5MR»tt^to 

B$ttJB^ia?«iJ<o*ffijc:o^-ctt, * evft^Lftv^ffi 
50 [0 3 7 8] ±EUfcJ:5**«=«r**-r5fcai)^, « 
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SCoFe/CuKo/Cu) , ^(O Si 0 ftftmX*<D 

Ht. GMR»«y htn^OttA (MttfCoFe/ 
C u/C o F e Od*l:i«?3t«#i£V^-C, ISJMfc 
tt*Jiri»C*5fl!>-ef±4<, CoFe/Cu/CoF 

[0 3 7 9] tr-C, 3KAniwXmU««tt«ffit^L 

^ y -e* 5 HfiWft VttJUR 1 1 ^ 3 *<* mm t ir z> z 

4r0*a*bl\ *»W»-*sv^-Ctt. ±JEtfcJ:5 4MR 

^y t uro/j^Att»&*i-s^fcrw</uyfflt^ifa 

(ill) EWS-fr, **o«ffirt^i3rt*IS*ttBno3B 

[0 3 8 0] S^lC, MillCoFe/Cu/CoFe 

it-ccujis-estufc-f-ai, MRfl*tsfe355*ft-t-a^rtBtt 
0**#v\ :oi5<c:i^coFe/cu/CoF 

e/I rMnft^^Sttl^SoT, WttfMn^C 

u«ft-eit»i-*^ <ts:»sy-r5r. fcaws bv\ - 
m&m<D}m&*pmm t gun mujo^sj^ 

ni:<<4SJ;5 fcJ^»«3fc&sa* U\ *1\ *m 

[0 3 8 1 ] I rMrKDipCCo F e tt&^B 

IW^a^fcSR»«tt«ISrfflv^»&ic:W:, CoFei 
k*<D±\Zf&m£inZ) I rMnitOffi^t^S 
W J 4CS, *ixS:«¥o-t-5fc«)^, Co F e/I rM 
n SBtgf Or >f ^ p ^- a D 1 1$ 9 o £ 

*> I rMntraSftOlt^MIWSrtof c c^IWSr 

[0 3 8 2] SbK:, S^mt^OTiti^i: LTMRfS] 
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mt>&5 0 r^J:5lc:Sa«ttlBI^»U$*-CMRHi± 

X'&>Z>/)\ *>b<J3:I rMn, RuRhMnOj;54y 
Jt*5fejeK:fitofcAfc, fcc41W, hcpiilt 
[0 3 8 3] **MO«*«gK»**^tt. Ji^SbfcJ: 

[0 3 8 4] AJRKttSltlKt bTfcttJLfc^^tt^ 
I^)glta*t bT«aMfc»KJ: 9 ttSSS fc<z>«\ Aff 

*jft«-»a b-c**n3tt^-c*>5« 
[0385] &mm/&mm&mx*+&BL& * 

^0 fi, S^fifc^K^acec J:5tiSA^A4tb^:t><^ 
(0c >o) tt^ft«-S*t5^4:^45 0 Stt^pf^-C 
(^^u^ifcg^ R*tRptc:»bTV^5&JRfflt-eo7 

[0 3 8 6 ] EI 3 7 joJ:t>*[2]3 8^. Slt^pO^^/i- 

^;S5a (p) t&ftmp tmi-zGURm^^^^fc 

SA (GMR) <!r6it (A (GMR) /A (p) ) t> 
B£#MI*0c i:<0B8«o«Sr^i- 0 03 7JsJ:tfH3 8 
50 frbftfrZZoK^ AffWft»ffifcbTtt-tixS*:#* 
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(Ag) /Cu*ffi-e«ffiRit«rjBr.i-a5*A*0o Sr 

a*b#tf»5±5K, An (Ag) /Cufitt+^i: 

[0 3 8 7] B±*> AWR-CSltlRtrWA-r 
54§£\ (1) y^/u* **3ftS-e#5»t*v^4J||UB! 

t% (2) mftmx~<Dffi.!&&m±&m\ t^5z.t& 
t»titL*v\ atia-t-5flt*^i8i<*5i:%x.e>tL 

(1) ^ol^-Ctt«ffiS5+t<OttHtt^>oT*5b-r, 
5*«^W"e*«. ::t\ »i: (2) £rffi£1~£J:5> 
[0 3 8 8] (2) Sr*JBSHi:Slo(D*#ftJSW-i:L 

ttm\zmwx&>z> 0 T~—Mz£oxmftw^<DVrtti 

7?yh-efc5ri*a*U\ ±f5Lfc (1) 

[0 3 8 9 ] «±(7)^<!:^b, MK/AWBUfS-ett 
ibm MRrtl±Jii:b-caittJii:*B»ftA«Ji«r 

tt**>fii*JRi <aftJNR4 a SrEHU -t^*M*rtc«^- 
^fg 2 <^&JRJ8i 4 b 5 r i: * U 

[0 3 9 0] Ktf«4:U-C*4Bt«:«v^5i:, 
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[0 3 9 1 ] a±^):iH, 123 2, HI 3 3*5 J: VET 
3 4ic^Lfc^t: 0 >'/^y^8-ei^ RI+lBSi: 
5MRf6]±l4l:, m&M mil) £«:#BJgtf>B8 
^S:Wt5MI (AttWfcttftlO&JRfflUa) £8£ 

10 <5DMR(*]_hJf4 Sr«ftO^JKfl|4 a, 4b ^fllt^ 
fiEi-S, fc5VM*MRf6]±g4Sr^&Jf 4 cff^fS 

i"^o «JWK-eMRf6]JbJB4S:«|j«i-5»& % 

[0 3 9 2] ±SEbfc«ffiRAt»b*^S<5<MR3E^ 
20 fcnStWT'*5o ^*tttMR|RliJI-4 0«lSHlR 

■fc 5#ffiT<0tfc*«»S J; 9»foft-Ctr*fcMR 

/Wis ttBSMt^tfixa t>o-e*>5o 

[0 3 9 3] *jb\ ^RWK^Lfc (e) co^^ 
*t5C u/AgffiSJSll C uJR^JB-ett^ffiBflfii^^: 
J0 #v*fc* % Ag«l«rll»ffilJ:b-CflBi»ci-*ctK:j:o 

[0 3 9 4] MR<75iB^tt{^*tJ8»^5MRr^JiS 

4MRfft±»<oailBH:, flSBB«l^T«*wE*bfc*& 
iwRRb-r, Mx.\^M 3 9 4 0 tw^i" J: 5 i-. 
ttl6l(:ESlfc§§ (MR[^±14B) Jct>«»S 

5R5fifi8tt» 6 ±(CfltJiE U^«*0&JKK4 a . 4 b O 
SM^M4 ca>$>fc*MR[p]±*4 B«:E«-t-5 
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8 tDW*M*as J: 9 -mfa±i-Z>o 
[0 3 9 5] $ fetter tr^Wtt, £»ttt£jffa<ii«) 

<Db%x-i>&$£mz£z f c c^i*^ij:h c p&mm 

[0 3 9 6] a*04fe*«4a, 4 b 
MRlPlJi»4BS:K5S«tt»6±^iB«-t-S»-&. Au 

I4bli, R»»tt*6«^E«r5rt^»*UV\ 

Ta4^^645 AIM 7 i »-r s <fc 5 KEHi" 5 i: , 

tt*6±OMRf&l±Jl4Btt:, IB 1 4>AJME4 a /*2 
<n&m9&4 b/fl^M4 a tv^5 ± 54«JB«"C 

[03 9 7] W^Lfci 5 tc x Altm«)«|R^ 
■ ^?)45MRltlii4AI4 1 Co^CoFeM4i:' 

i LTOC o F e-&4fe*JB<o»^BBlBdS/h$-t"^Sfe 
tf>, - lppmS:jBiSft(7)8St45 0 — AuT 
SfiJl¥34t?tt«»JB 1 t tt(OC o F e 
IBHI^*#-r?-C, + 1 p pmt«i5]EO«it4 

[0 3 9 8] Cixiw^fLT, Cu, Au. Ag s Pt, 

Rh. pa, au Ti, z r> Hf, i r^e>arin 

Ht^AJl4 c^b*5MR|filJbJl4Sr, iSBWiltUT 
^CoFe^TIttSr^aot, CoKo 
F e if (O C o S«te*f JSf<0 fee (111), EA 

s*fc±"c, isaifiir*ab4tt?nRi. d (i 

1 1) #f PflHiO. 2 0 5 5-0. 2 0 8 5 nmCOS5 

il4il fcc~d (111) ^0. 2 0 5 8 nmj; 
0*#v^idS»*U\ d- (ill) ft-T-MWSra 
«4«wlBfp-f U-Cli, «illAu-Cu«i 

*>»fttt«r&;t 4 r i: ft ibftfco 
[0 3 9 9] Au-Cu-&4k<Z>A»W4j|afiKtt, Au25 
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C U75— AU75C U25 (JS^"%) <^jSK t f 5 ^ t ^j? 
!) 4M, t^^Au25Cu75-Au95Cu 

[0 4 0 0] (33 2. El 3 3*5j:VH34tt, ^ffifl 
£Tgi: b7c^t°^</uy^8^o^T^bfc^ v 

4 tc^-r i 5 ^ mmm 1 Sr-LHt LfcR*3«jto^ *r 

[0 4 0 1] 1214 l*5j:tfei4 2lZ^-tX\i*^s<;lsZfim 
8tt. afi*R9iW^e>W^. *WtT«i5/MR|tlI±i 
4 /R&attJi 6 /WCIM 2 /MH£4>HJ| 3 

JKJB 1 /MR(^]±l4/ftiI 7 0««*3ftfc*Bft«T# 
Ul^o i4 lttMRf6l±l4i:^^l4c^^fc 
20 Mt* 5 , HI 4 2 »MRfA±J|4 ^ttft<D^H-]K4 a . 

fc, ^MJ8l4 a ir-g-&S4 c t^fM^t^rtt 

[0 4 0 2] 04 2^b7c£ 5 »il 
MRfft-b«4^8MijBSrieffl-t-5*B*. S3 9i^Ufc 

ri>*>ft5»l 4 a SrE«-f-5^4:*s«F*LV^ 

££oT. 0 4 2^bfc«aJlHBS^MR[6l±*4tt, 
^1^M4 a/^2C0^J1^4 b/Il^M4 

30 a<z>mmmxm&vx\,^z> 0 

[0403] Rmm&<DM&<DRfemmg<DTm<DMR 

&m~x$ Zf&m&wxtbfrtt* fc&m&m<DTmm\- 

^MRf6j±Sftb(^»&^ Ta. T i &if<E>iS««fc< 
[0 4 04] B.&ffim<OX}?^s</U7m8 \Z*3\,*X t > 

ii:»Lt±ELfci 5ftMR|6]±«4S:Eai- 
ISrHSwiWti, tit, WiGLfcJ: 3 Id, ^ffi 

i<j<mr mtm tt^t^r ^ 

[04 0 5] ftib\ ±»UfcK(E«JtO^ fc 0 V/</^|g 
50 8fC*3V^T«C, «ll/MRf^]±S4M, $>b5C|i 
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MR!*] ±M 4 fo(D% 1 C0&JSJSI4 a 2 0*&JRJK4 b 
^ffi^2^t&JRJK4b^S (04 2) X*SW$:S^$ 
it5fcccreaj>9, tfefiaWiLT^Lfc (e) tomato* 
Cu/Aga*JBBc*3V^T, AgMiT«4C$ 

(d) «t*Aug»Ta fcWt-S&Kfltai* 

[04 0 6] ttJKftflffcbT^Lfc (d) tomtit-en* 
117^0. 4 nmi:V^9 -7^^^&MtmU^<DMM^>A 

#\ fctxiCo-Au#S-CRIt^C"Ct/^i:bTt 
o"C Au/TaMlftttAu/Cu/Ta^l^ 

mm&mm ufc«*i:ttAuiwws:at: t r±*i \ 

ffi»(OC uSSrMttfc o F e i Au to#ffi 

Sr^UT^5>AuSSriEfirsr Kitt#J« 

[0 4 0 7] ±3ebfc*JW»»fc*3l*Ttt, MRfi± 
S 4 Sr^KS 1 ^SSS^ttS 6 irS!bTiaa-r^^8w 

4?K, *5flWl^WbH#»4rt^E«Ufc^«ct> 

[04 0 8] 04 3(r^-r^^wvu^aS8trioV>-c, 

®$£if 1 ttW*.t*N iFeilatCoFeilbtl: 
J:9«J*Sft-«3 0* rft&an£ttfta4ftR4 a, 
4 b(^«S^?>^5MRr6]±S4^^$n-Cl^o 
NiFellatCoFellbtll MRfriJl 4 3: 

i Fell a/CoFeifl b*ffi(CpJ#i*H*OM 
Rf6]-bS4Sr#Ai"SS^ NiFellai:CoFe 

m i bii-#t4o-c«ai 1 1 tti^itM^b 

ftv\ KftH#Ji2rtteMRrtI±Jl4S:*«£*i4: 

s^t-e*. t<nm&Mikmmm 2 5 1 0^1 

[04 09] ±»L^#JI««lBO»ftafitS»**^ 
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(mr am) & ¥<Dm%^m%imzmm-fz> - 1 

[0410] H44 &&X*W 4 5 14, *5BWO«*Sgt 

[0 4 1 1] ^ixe><DBI^*5V^-C, 2 1I4A h O3 1 
10 SrftaAh O3 •TiCSffii^S^So n 
^± 5 4SS2 1 <0£St®_Ltwll, NiFe^l Fe 
S i A 1 MSC oZrNb if <atfcfl«4«- 

«b 4 £ T««» Kjf 2 2 $ ;ft-o > 5 Q 

T«v/-^ KJf 2 2 Jrtctt, A I O3 44f«>#«tt 

fcV/<;uyGMRl2 4f>m&£tlX\,^Z> 0 ^O^tV 
/WGMRl2 4tU, ftj^ L/c^^tiO^ t° 

[0 4 12] H4 4fc*3V*t\ 7t°y/</U7'GMRl2 

20 4(4BffSo h^y^WiftS IE« 1 9 </ 

jh,-CV*5 0 * (DJ; 9 4^ t p ^^GMRg2 4 7 
S^SBO^HUHrtt, -tft-etx* tV/</uyGMRl2 4ic 

£*lTV>£ a — tt<Os<4T*mR%tiMm2 5(4, ^b°>- 
/WGMRI2 4 0>:*y v**B£7V<5' h^tt^ 

[04 13] — #<ZV<>TT;*«#P[WJDJR2 5_blwt4, C 
u, Au, Zr, Tafc4f0>fefc5— »<Z>«B2 60«» 
50 JSKStlTV^o ^fcV/<yuyGMR§2 4KI4, — 

/^GMRK2 4, — ^(0/W7^S#OTi 2-5io J: 
t;-»<7)tii2 6lt GMRfft«?»2 7^Mtt 
V>5 0 GMRlti^2 7lt ±iELfc«t 

[0 4 14] HI 4 5^*3V^Tf4. ^Ify/^G 

MRg2 4^TlS4I^t^7 p 2 3fc^lBt ^ 
h 7 J/ **M»e>^ftfc««fc:* tV/^GMRS24 

40 5^jgj5g$tuTV^5 0 C<D— S*<D^r^KWP(ttnJBl2 
5f40f^WBSS: 1 bo-CE«S^-C*39, -toil::* fcT 
y/</uyGMRi2 4 h 7 > ^ ^^HfflSB^sgfji 
^JGr)c£*Vtl^o ^fc p y/WGMRR2 4li, -tOiSf 

aw^^sr-tn-en^^ r^«*en»»i2 5±tc®®r 

[0 4 15] ^lfy/<yuyGMR18l2 4±lril — 
^^2 6^?^ : M$t^TV^5 0 ^t°y/WGMR§2 4 
<oj!KW>Slf*h^y^«J4, -»<0««2 6 
iotfiSJntV^c Itl^^t°W^GMRl2 
50 4. -^/W7^BSMI2 5fc j:0-»^)SS2 
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6 14, it— KflJ5t^GMRS*5g^SB2 7 &flf 
[04 16] 12 4 4*5 «fc 0*12 4 SK^T, GMRS4 

14, TflW^-yu KS 2 2 

±o-C\ K<h ITO^/u KSGM 

E^v K3 0^«^:stb-Cv^5 o 
[04171 iE«^* K£ tt»M^s/ K 3 1 14, 
ex— yuKSGME^y K3 0 ±K7&=&$*xT^5 0 9JK 
K3 1 OT«l5»««#, ±«W*S/-/UKJ1 

K3 0<7>±{BS««->— /UKJ12 9f4, ffmtt 
at^y K3 10T{R!HE«B£ffiSr**a-CV^5 0 C<£>_b{Rijm 
*S/-yuKJl«rJI(Ma«T«l!E«k««2 9±fctt\ A I O 
i ft £<&^tHftJ**Wa> ft 5 IBftttffi =¥ t^/7 p 3 2 
&±1MBMBS3 3#«K:»*ShTV^, tt^MS 
•fc 9«*ffi»c:W:, TftllElKtttf 2 9 2:±nCMWl3 3 

*xTV*5 0 

[0 4 18] ±JfibfcW^y Kt LTC0>— /UKIG 
ME^y K3 0 fcEfl^y Kfc LTJWWK^y K3 1 

5ft»f¥^«l!««^y Kli^y K^9^y«r«a 

KUttfcSlXS. B4 6l:StB«^y Kryty^y 6 
014, W*tfBtt=>r/>«r«»i-*2Rtr>'8BftifS:#-J- 

-*6 i^-S8i:fif^^y->3y6 2dsSSBt£ixT^ 

[0 4 19] t^y^ 3 y6 2 0jfe«:tt 1 ±i£Lfc 

^6 3^K9W-*te>tl"CV^5 0 i^^Vv-g ^6 214 

*xTl^ 0 6 5tt««^y K7yty^y 6 0 C0H 
[0 4 2 0] c<0J: 5 48»^y KTs/ty^y 6 0 
»3SBtr«ttsn* 0 124 7f4a~^ y-r^^- 

So 

[04 2 1] M<§*rf<<^? 5 l}4^t 0 >-hVU5 2K3£# 
Six, ie»gg$ij^jli a>b^ffl»§»»aS 

7yty^y6 0lt 2^ife«BJcSl9 
tttt&lxfc^* K^9-f ^6 3 7^, ttfc^-f^S 1± 
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3<&J&fr*H*lE (ABS) HBgf-f^5I 
O*ffi^e>0f3t(73j¥±* (0J£JLh 1 0 0 nm&lT) £fc 
otft»Sh5, 

[0422] KTyty^y 6 0<7)r^^3Lac 

5 3J4, 7^fax-^r-A6 103fffcT^SBJ^#J: 
/0 If bixfcia*Lftv^|Eib=a>f /ut, ^ixSrifcWit? J: 5 
tc »ffej LTSSB S ftfc*£J&^*5 J: 3 - ^ ^ ib ft 

5«*0B&ia»&*/S£jixa o 7^fax-^r-A6 

114, @5£*fi5 4O±T2^0f^^f btb^H^UftV^ 

^-M7yy^iaotft)$s^ w^^/^ 

*53tt9 ENEfHbtf S i 9 twftoT^ 

[0 4 2 3] ft*?, JK±^JOS«tt'ett»lf»|^E««t 
#ii^««3-^S:fflv^«H— flcgUWK^ y Kft^ 

ttW^KtBbf, ««lSSt«*^*y (MR A 
M) ft^<7>K«|EtS3S«iwjgffl-r-5Ci:t-e#5a 

(USS^Jl) I^llMim Ta (5nm) /Au 
(lnm) /C u (lnm) /C o F e (4 nm) /C 
u (2. 5nm) /C o F e (2. 5 nm) /I rMn 
(7nm) /Ta ( 5 n m) 1S^OX k° >v<yU:/jBSSr. 

Mfilxi0" 7 Tof fWTT\ T/u=f>mf4 2— 1 
OmT o f f t Lfc 0 »KttH»fb*>y =^»RS:fflo> 
fc 0 ft*s, US'Ny KWffiB«fl:it TASf-*s9WSL± 

ttaSfebftv^fc^SIBSix-CV^a. 
[0 4 2 4] ±iSLfc^t: 0 >'/^>^^(4, as-dep 
ottlBMR^W9. 6%T% 2 50tX4H^y 
nir^T^-/U (r^— yu*«=: 2 5 0tX4H, 
5kOe ) «tc:*3^TtMR^b*f4 9. 0%S:«l»b 
40 T^fco 8114- ± 1 0- 6 J^Tco^-— ^— ofif^qf bix 
fc 0 Hk ^cov^Tt>, Sii^l:raS:JDifcfi^ 

[0 4 2 5] CCT\ MRf5]±ll4Au/CuSIgt; 

Au tC u^*ffitt-&4Sr»jsiU-CV>5 0 Cut 
C o F e fl)ffBtt*i*ft*ffl"eJ)5, Ta^Aulli 
*1-S*flB-C*5/i^ Au/Cu*t**«:H:'<t+ 

50 #St*4CtJ3^ ;^C@»:fc5#I^#lEL 
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^\zXoX, CoFelif cc (111) IBr^l LTV ^S 
*fw x CoFeOd (111) v^^cO;*^ £12 

0. 2 0 7 4nmtmmmzt>/h£fj:m\Z®m£ftXi<^ 

So 

[ 0 4 2 6 J ^ OlGKff 1 tf ^^^^JKSrWfET E 
M^J:9«*bfc« -&(DJi£* % Au/CuTifc-b{rC o 
F e/Cu/C o F eOGMRS*a=s/ hgfcJW* US* 

^ji-rosnv^Kjwwtftb-cfcB, fee (ill) 

C o F eMU^<D^r^f ? u^f ^ 7 =7 >7 is a ytli, f c 
c - d (111) i/l/?<D±% £i*0. 2 0 7 4 

n m t KSftlC t S/jtffilw 4 o 1 1 ^ e <*e>t^ ^co 

©^TC^C oFetDfcc — d (111) 
2 0 74 nm-efc5:i^5 Q 
[04 2 7] ft**, H4 8WXRDyP7r^/M:*5^ 
T\ If— ^1, 2, 3111 rMni^St^t'-^tfc 
9, tW4liCoFe/Cu/CoFea»fc 
c (111) tmthh. ffimm<n&<Od-Xs< 

[04 2 8] ±3£b/cAu (lnm) /C u ( 1 n m) 
TflSfcftfcT* Cu (2nm) tWfitfflV^iC oF 
e<7)fcc-d (111) ^^->y^(i0. 20 5 4 
nm£/h£<ft?>, < — A 

u (2nm) Sr*»T?fflV^tCoFeOf cc-d 

(111) v-^^mo. 20 8 6 nmWt<^ 

19, «ar±E«K:**<ft« 0 rcoJ:5tcAu/CuT 
JftSrffll^Sr.tlCtoT, #Jtf>T#igftO. 2 0 7 4n 

[04 2 9] ft3b\ «*fifetff-e* Ufc (g) COflf^gCOC 

^i^itv^^tf ?,n4o c uTffl-ctttt^ranas* 

<ft9, I r M n i Off It'^tt W8^dS*t < 4 9 
M^*#<ftSo r^M^^tv^^-e^oir^T 

&>S 0 ±ot, r<^»SPtti rMn<oRff;*SffW3cir» 
*lwftS« Au/CuT«Wl rMntf) 

ft^F-raiBtkaav^ai), -ttoi^ajssnsc oFe/c 

u /C o F e riSigK: I r M n fcffiV ^»^^»<^ffi*ft^ 
fc ft 9 > T ^-/W^ ct S 3i*tt?n<rcJB«MS/h $ < % 6 ^ 
b-e*>5 0 Sfc, Se*tSWcQ (h) (Dffi$t<DA u Tiffin 
*&»CW: % JBJcmHFIIBBtflt-t-*, CoFe/Cu/C 
o F e Wi*i^u*-^t < ft 5 ff t , 
<Dx>f *cz>5r— >a ^s^^i"< ft 9. #J#JT=-/U 
W4Ctl*5, AuIiCoFel^lgai 
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1-5** Aul« B SSI:fioT#8i4tfflI^Cu 
ICAu * M R t TzMz^ $ < ft 

So rntt*ffla»»tt^jK»b-c<5 0 tzztK Au 

/Cuiilii«r<!:(:i:ot, Cui^Au» 
* hs//<Stftt)*»lf!»ttt>^€i:ft5o 
[0 4 3 0] TSfii UT(7)T a teA u SrZUfc5cS5t^S 
S-frSfc^tci^ft^^^rS-efcSo Au5:7^7 

»«tt»8*^3B*. Hin^m^rJHBatftS. J£ 
BRO*^F "CH:^ p * * S:ftfc*K±^j«fflt £ ft S fc 

So Cwt1iTa$rTWlCfl^\ Ti, Zr, C 

e> z^trmt^mtyoxhi x t <t v \ 

[04 3 1] iO±5^ «*S»ff^«J* (f ) 

Au^TWt Lt-&ff2 2 0 nm^^l^lt^ 

20 7^7V K*««rSSJ.f ¥ttftK*S«rfte - t&XZ % 
*<n±\ztftm£tizc u/C o F el^#lt?ti:4 
So 3 5 0tt>^Kffl(Z)iiateiS:t5Mt4 

v \ *3SftOtt 2 7 0tx4 HSS^«iaSr?T 5 r t 

T-#So -co J: 5*ct aftifo#»ttTJWr«Sfe* 

aftAuK^w&n*, 

[04 3 2] Sfc, *«ttT«ii:UtTi (5n 

m) , Z r (5nm) , W (5nm) , Cr (5n 
30 m) > V(5nm),Nb(5nm),Mo(5n 

m) % Hf (5nm) , *3j;i5r tl b<D<&& (5nm) 

Mv^wM^tt, ro»fta*^»&*tfc:o 

C MRfo]_bjSi: ItAu (0. 5-2nm) /Cu 
(0. 5-2nra) , Au (0. 3 — lnm) /C u 
(0. 3~lnm) /Au (0. 3 — lnm) /C u 
(0. 3—lnm) , AuCu (0. 5-5nm) /C 

u (0. 5-2 nm) £/B V ^c^iCjoV v"C t> , H«ft 

[04 3 3] ^(7)^5^, MRf6j±Sli2«^e>flf^:$ 

$its^>- Ka*tft»tntfftbftv^-e, esttii^T 

[04 3 4] ±f£C0 A u - C u Ofi*-&fcitJK^^aJi 
50 ^^C0*#tC{i, Ru-Cu, Au-Cu, Pt-C 
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u, Rh-Cu, Pd-Cu, Ir-Cu, Ag-P 
t, Ag-Pd, Ag-Au, Au-Pt, Au-P 
d, Au-a i fanffimf btlZo Ztlbml&tttrtt 

u, Au. AgCDl^ft^T-fcSo 
[0 4 3 5]§l«im Au-Cu<DW&(Dm 

&<o£?\z^ 2mmmmx-i>, 3mmmxt, £h\zm 
m-&<xt>. ^i^iaiiit^otttw 
±<Dm$cxh^xhmti*\<\ mm\zm^xhmm<DA 

&\zt± h—^/i-mmx 2 - 3 n mum^m^ \ 

[04 3 6] C o%i<nb%<D$X±.<nmZh&t>l£<Do 

^t5II^btOAu-Cu, Ag-Pt, Au-P 
d, Au-Ag, Pt-Cu/jl^Cl^U^ CCD 

(Dmmm. &tzteMRfa±Lm<D&&m<Dmfr&t>itk l 

T, Au-Pt, Au-Pd, Au-Ag, Au— A 
U Ag-Pt, Ag-Pd, Ru-Rh, Ru-I 
r, Ru-P t ftifrt^f h*hZ> 0 ZtlbtDm^tt 

<D?h. N i *«ttil-«t5«OMRW±f(0±S* 
Au, Ag, Ru^VN-fH^T^^o Mft/& g&¥ 

[0 4 3 8] MRfa±m&J&f&-fZ> 2 0(07ci 

^Lf^tt^^C o^&fcttJi^^^f^ Cu-Ru, C 

u-Ag^MT'j)ottffl^\ r.n<b<^@*§ 

Mcfcmt Its NiFe, Ni f cCr, NiFeN 
b, N i F e Rh#±f/*^f <b*l5 0 
[0 4 3 9] ^fctr^^^^bT, 
^ttJgllc: tr^JB^SHSaJi $ tLT^ 5 * ^ t (7) £ 

V\, MxlltV«t It, CoFe2. 5nm/I 
r Mn 7 nm<0ft;LT, CoFe 3nra/RuO. 9n 
m/C o F e 3 n m/ I rMn7nm > CoFe3nm 
/C r 0. 9 nm/C o F e 3 n m/ I r Mn 7 n m4 

[04 40] SSSflSttfflttt, PtMn, NiMn, Ru 
RhMn, CrMn, FeMn, N i if CD|t3|S|-Tk 
fllfefcV*. tVfOTfiC o N i F e T*t*fc4 

[04 4 1 ] ±iaLfc#flH4TSWfttT a &£«)&JUI 
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TaOi Tflfi/MR^]±S#ET*Stt$it-5Ct^-e 

MR^i^^$b^^l±$it^Ct^T^-5 0 tztzi 
U T a Oi T«Wi±Jwie»C o F e Sr^fS fc f c 
c (111) ErtlLtt*>ofc!K SfcB^MKaSLl* 
fec-d (111) ^^<— rtt 
CTUTaOi /Au/CuTS6H:3S«f4^«n«t> 
£>-e£>5 0 TaOi KftaiTT i, Zr, Cr, W v H 

(H5S0ij2) C<7?3tlfiCT2-ett, Ta (5nm) /A u 
(lnm) /C u (lnm) /CoFe (4nm) /C 

u (2. 5nm) /CoFe (2. 5 nm) /I rMn 
(7nm) /Au (0. 5nm) /C u (0. 5 nm) 

/Ta (5 nm) *36<75^lfW<^IDtS:. fc 

[0 4 4 2] _h{j*y<7)MR[*]_bJf £ UOAu/CuIf 
JK^ft^jeSfctt, CoFe/Cu/CoFeSII^ 
20 -7^««fc9 I rMnl®^, I rMniCAu/C 
uSlg««:^l:J:ot, I r M n <Dfe^-fe%L 

SrtmSc AuJBSrftSW^TaETI-EftS 
AuOt5 4*B*^*- tf>/h$7£Jgtf 5 , Ta© 

UufeSorc, Au^Ta$ffi^HL^t<, Jlof&3c 
3£tta*S£ft:-r5 0 iot, TalTOiAu^Ag*^ 
iiK«bfcW3c5tf s a* Li\> ccoH5SM^J:?tc:c u 
JBSr^UTTaiftBffltSr^'f 5I5 5^»* U\ Au 

(HJSM3) wCO3IJS0j3-eii, Ta (5nm) /N i 
CoFe (5nm) /A u (lnm) /C u (lnm) 
/CoFe (3nm) /Cu (2. 5 nm) /CoFe 

(2. 5nm) /I rMn (7nm) /T a (5nm) 

fc 0 Z<D*t a >s</Uz7mz&\,^X^ ^S&JlteAu/C u 
J»^ft$jxfcNiCoFe (5nm) £CoFe (3 
nm) tOSJg^r-fe^o 

[0 4 4 3] *fc, &3&Wt<DltmM£\^X^ Ta (5 
40 nm) /NiCoFe (5nm) /CoFe (3nm) 
/Cu (2. 5nm) /CoFe (2. 5 nm) /I r 
Mn (7nm) /T a (5nm) W^<D^ fcTw^uyjR 

[04 44] *fc««0>;* tr^^u^JKtt, a s - b e p 
ot'MRtt$8. 6%Tfcofct(D^, 2 5 0tX4 

\±2 3%\Zt>mLtZo ChttCoFeiNiFeCr* 
S^Sr-fe^fc^,' a s'-b e p oSkBlrettSliifCo 
F e/N i F e C r #®T^ WCMRlft? 
50 ^-et^S, L^U, 2 5 0 < CX4HSS<507^/^ 
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ft?t. C o F e /N i FeCr #®J*S^^SLftT b 
rfttt^+VMfc^fcftfcN i FeCC rS:4% 
SftaSJDLfcN i F e C r X<D&Mfz*\ NiaiFeu 

[04 4 5] — »«30i5l:Au/Cu«|« 
SrtfA-f"5ni^±9, CoFei^NiFeCrii: 
Offi»^jqi*.bil5fc«>, MR^k$|j:a s-depo 
»PTC8. 2 50 < CX4H^)7 p d 

**T=-A«-efc8. 1 %£MRSWtoW»L< fll^b 
ftfc 0 mH:Au/CulfA^J:Stt*85ih<Da*t b 7(9 
t, CoF eJBirO*ffiRltSai*^r^-/u«-et«^: 

[04 4 6] Au (1 nm) /Cu (1 nm) t^ft^ 
T> Au (0. 5nm) /Cu (0. 5 nm) , Cu 

(0. 5nm) /Au (0. 5nm) , Au (0. 3n 
m) /Cu (0. 3nm) /A u (0. 3 nm) , Au 

(0. 3nm) /Cu (0. 3nm) /Au (0. 3n 
m) /Cu (0. 3nm) , AuCu (0. 5nm) / 
Cu (0. 5nm) , AuCu (lnm) /C u (0. 
5nm) , Ag (0. 5nm) /C u (0. 5 nm) , 20 
Cu (0. 5nm) / A g (0. 5nm) , Ag (0. 
3nm) /Cu (0. 3 n m) /A g (0. 3 n m) , 
Ag (0. 3nm) /Cu (0. 3 nm) /A g (0. 
3nm) /Cu (0. 3 n m) , P t (0. 5 n m) / 
Cu (0. 5nm) % Cu (0. 5 nm) /P t (0. 
5nm) , Pt (0. 5nm) /C u (0. 5 nm) , 
Pt (0. 5nm) , Pt (0. 5 nm) /C u (0. 
5nm) /Pt (0. 5nm) /C u (0. 5 nm) , 
AuCu (0. 5-1. 5nm) *£«:JHl*fc»frfc 

t>, vm^amtmbtnt. 30 

[0 4 4 7 J 7fe3b\ m2(Dm\±mt UN i F e C r S: 
fflV\fcafitt«TO»0T*5 Q NiFeCCr« 
t^:^:J;oT, M s £{S;T$it£;i £fc< P Srifti 

46, NitFe OJfc*J±iS»<a-tf n«ffiHjSl-e*>S, N 
i : F e = 8 1 : 1 9 <fc t> fc*J> bN i y 
d*S4U\, Ms, p. tl^TMStSMiL 
Tfi, NiaiFei5Cr4 <0ffifiS:^»ia"Cfc5 0 rftE* 
£Mw* NieoFezo, NiFeNb, NiFeRh4f 40 

(«*«4) ^<^HSS0ij4T^ Ta (5nm) / A u 
(lnm) /Cu (lnm) /I rMn ( 7 n m) /C 
oFe (2. 5nm) /C u (2. 5 nm) /CoFe 
(4nm) /Cu (0. 5 n m) /A u (0. 5 n m) 
/Cu (0. 5nm) /Ta (5nm) flKg<E>;* 
A^Rfe* *160!l 1 t bTf^S} b^Co . 

[04 4 8] ^(omm&unmitmmm^m^mm 

"CfcSo il^Cu/Au/CuifiMR^iit'fc JO 
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9, IMM£. MR*fl:**:fll±S*TV*fi. TiOAu 
/CuJltt I rMn<DT*/R^*oTV^5<tgI^c r 
r M n (D&^fc&Z&Jz^&om^ Sr"t"5MRfo]±jg-C 
$>-5o ^^I<?) a s - d e p o t^MR^ft$|j; 1 0% 
T% 2 5 0tX4H(Dr^ y^^MR^ft*tt9. 5 
%T*fcofc 0 Cu/AuMiAuCu'&MMlt 

[0 4 4 9] ro||li6M4 0±ffli|^Tatt«aia-efc 
19, TaJ»*ffi-CRitS:jerS-frJ;5i:-*-5t>^-Ctt* 
V\> ^<7)HM4T1iCu/Au/CuI^MRl$]±l 
T-fc5^"C% C o F e/C u JHfeit/C u/AuM 

(fcb< liAu Cu^i) X'Rlt^^^^t)^ 
fc^o Z<D£?IZ S «#ftfifib-C*bfc (e) ^ 

(d) oirti: liB t^-ekS, £b5c s 
ii(OCul$:Co F e/Au*®{C|f AbTV^fc 
tf>, Au^Mtttfllll (Cu) ^co*a86?j2fcSt1ftSrffli 
;t5<fc[Ip#lC s -l7x;^;Sftm^^lTAu 

[04 5 0] ±m<VMRfa±mt bTCOAu (lnm) 
/Cu (lnm) Mftx_T, Au (0. 5 — 3 nm) / 
Cu (0. 5-3nra) , Cu (0. 5-3nra) /A 
u (0. 5—3 nm) /Cu (0. 5 nm) . AuCu 
(0. 5 — 3nm) /C u (0. 5 — 3 n m) „ Cu 
(0. 5 — 3nm) /AuCu (0. 5 — 3 n m) /C 
u (0. 5 — 3 nm) x Ag (0. 5 — 3 nm) /C u 
(0. 5 — 3 n m) , Cu (0. 5 — 3 n m) /A g 
(0. 5 — 3nm) /C u (0. 5 — 3 n m) „ Pt 
(0. 5 — 3nm) /C u (0. 5 — 3 n m) , Cu 
(0. 5 — 3nm)/Pt (0. 5 — 3nm)/Cu 
(0. 5 — 3nm) , PtCu (0. 5 — 3 n m) /C 
u (0. 5 — 3nm) , Cu (0. 5 — 3nm)/Pt 
Cu (0. 5 — 3nm) /C u (0. 5 — 3 n m) t£b" 

[0451] fo<Dttn\^\,*xtemMmi<Dm& 

ifttl nml*l:i< ltt*b4v\ fc«U «t> 
tt^^Vh »«Eit*eo»«»H:|81fiOT 1 o t * PI 

[0 4 5 2 ] R*«tHJ|<7>T*lCjb6MRrtI±JiHt, R 
»«14«o*^MIHSril«]4ffl[^b-C. ifvCoFei: 

^f&VtifflTZtk fed, S3fiBN£RS{|c^«?-mRI«: 

±®<tbT, Al-Cu, Pt-Cu, Rh-Cu, P 
d - C u, I r-Cu, Ag-Pt, Ag-Pd, Ag 
-Au, Au-Pt, Au-Pd, Au-Al, R u — 
Rh, Ru-I r, Ru-Pt, Ru — Cu, Ag— A 
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[0453] m*<D&&m&m\zmvtzMRfa±mt u 

Tttv Cu, Au, Ag, Pt, Rh, Ru, Pd, A 
K Ti, Zr, H f frbmteixZ) 2o<^tc^(DS[® 

±*KiiiisnfcMRift±Jir±4<Tt>«feftv\ 

*?4V\, —Mt ITT a 5 nm/Au C u 2 nm/ I r 
Mn 7 nm/C o F e 3 nm/R u 0. 9 nm/C o F 
e 3 nm/C u 3 nm/C o F e 1 nm/N i F e 5 n 
m/T a 5 nmft^fcSo 
[0 4 5 4] TaWcfUt, T U Z r, 

Cr.W, Hf, Nb*if«r«l^fc»frfcot^-Ct>IBHi 

(MM5) w<DHlfi0ij5-eri, Ta (5nm) /Au 
Cu (2nm) /I rMn (7nm) /CoFe (2. 
5nm) /AuCu (2. 5 nm) /CoFe (4 n 20 
m) /AuCu (2nm) /T a ( 5 n m) ffl£<OW& 

* mmm 1 1 mm- tt^ss l/c 0 r 

T»coFei mitmmm) t±m<DCoF 
em mmm) b<Dt®izmm£iritiA\ic umte. 

[04 5 5] S^it^ tT W^uyjKT-te, C u 4 if 

a> & * * 0m^mm±\zm^ ts ^mmm<o f c c - 

d (111) dS/J%S<49, fI^<ftotl* 

A "Cfc 5 t mmzM R [6] _hjf "Cfe 5 A u C u &&M±\Z 
C o F e««iSaJI»*tSr ill tot, CoFe 
rt5W*<D fcc-d (ill) v^^^SriSlfc^flt 

[0 4 5 6] tCW, AuCu^^^ttftt 

mi/it»tt, c o f eli^ffiw^ tryftffM^c 

X.l£Cu (0. 8nm) /AuCu (0. 8 n m) /C 40 
u (0. 8nm) «JHR& ifSr^fflf 5 C i T-«?*"f-5 

[0 4 5 7] ^Otp^Btt^ft^Si^CM 

±»*ttfflLfc«iLrr4, Ta (5nm)/AuCu 
(2nm) / I rMn (7nm) /CoFeKftiH 
(2. 5nm) /AuCu»W«MRf^lg 56) 
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(2. 5nm) /CoFeMf (3nm) /C u 
(2. 5nm) /CoFegfcill (2. 5 nm) / 
I rMn (7nm) /Ta ( 5 n m) flfiStfS**f 
So a^^t 0 >-/<yuyjK^^f4^raS*MRf&I±M 
«T*EfflUfc09i UTtt, Ta (5nm) /AuCu (2 
nm) /CoFe ( 4 n m) /C u (0. 8 nm) /A 
uCu (0. 8nm) /Cu (0. 8nm) /CoFe 
(2. 5nm) / I rMn (7nra) /Ta (5 nm) 

[04 5 8] 4*5, &mffim<DX fcTw<yuyj»*5 
a7/wxi/^ y h^-f zfcox t°>x</u^^tciol^T I r 
Mn4 ^KM8W4flt^T*i: Ltffl^fcA uCufo 
Sfc*4if»c:J:0, CoFefiiBof c c-d (11 
i) ^^--^v^+^teftupsix-cv^jxff, #8H4* 

[04 5 9] &Mmi&<Ox t°y/^yg^J:{;r^7yi- 
^y^y^-Y :Ao* t a y/</u^ft^MMi it 

f3\ Ta (5nm) / A u ( 1 n m) /C u (Inm) 
/I rMn (7nm) /CoFe (2. 5 n m) /R u 

(0. 9nm) /CoFe ( 3 n m) /C u (3 nm) 
/CoFe (4nm) /T a ( 5 n m) „ Ta (5n 
m) /Au (1 nm) /Cu (1 nm) I rMn (7n 
m) /CoFe (2. 5 n m) /C u (3nm) /Co 
Fe (4nm) /T a (5nm) , Ta (5nm) /A 
u (lnm)/Cu (lnm) / I rMn (7nm) / 
CoFe (2. 5nm) /Ru (0. 9 nm) /CoF 
e (3nm) /Cu (3nm) /CoFe ( 2 n m) / 
NiFe (2nm) /T a ( 5 n m) % Ta (5nm) 
/Au (1 nm) /Cu (lnm) / I rMn (7n 
m) /CoFe (2. 5 nm) /C u ( 3 n m) /Co 
Fe (2nm) /NiFe ( 2 n m) /Ta (5n 
m) „ Ta (5nm) /Au (lnm) /Cu (In 
m) /I rMn (7nm) /CoFe ( 3 n m) /C u 

(3nm) /CoFe (3nm) /C u (2nm) /C 
oFe (3nm) /I rMn (7nm) /T a (5n 
m) „ Ta (5nm) /Au (lnm) /C u (In 
m) /I rMn (7nm) /CoFe (3nm) /C u 

(3nm) /CoFe (lnm) /NiFe (2nm) 
/CoFe (lnm) /Cu (3nm) /C o F e (3 
nm) / I rMn (7nm) /Ta (5nm) , Ta 

(5 nm) /Au (lnm) /C u (lnm) / I r M 
n (7nm) /CoFe (2. 5 nm) /R u (0. 9 
nm) /CoFe ( 3 n m) /C u (3nm) /CoF 
e (3nm) /C u (3nm) /CoFe ( 3 n m) / 
Ru (0. 9nm) /CoFe (2. 5 nm) / I rM 
n (7nm) /T a ( 5 n m) % Ta ( 5 n m) / A u 

(lnm) /Cu (lnm) / I rMn (7 nm) /C 
oFe (2. 5nm) /Ru (0. 9 nm) /CoFe 

(3nm) /Cu ( 3 n m) /CoFe (lnm) /N 
i F e (2 nm) /C o F e (lnm) /C u (3 n 
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m) /CoFe ( 3 n m) /Ru (0. 9nm) /Co 
Fe (2. 5nra) / IrMn (7nm) /Ta (5n 
m) ftW^lfbixS, iELfcAu/CuTJftfcft*. 
TiftiS L/t J: 5 <c#a«Sffi-^&Ji v ^ r t &X 

[04 6 0] fk<a#fit#J£ Uttt, S«/Ta(5nm)/lrMn 
(7nra) /CoFe (2. 5nm) /Ru (0. 9nm) /CoFe (3nm) /Cu (3nm) /CoFe 
(2. 5nm) /MR fa JbJB /CoFe (2. 5nm) /Cu (3nm) /CoFe (3nm) /R 
u (0. 9nm) /CoFe (2. 5nm) /! rMn (7nm) /Ta (5nm) tfimfhin 
5 0 ^^liltltC o F e/MR[^]±i/C o F e ^7 

[046 1] ±3BUfc**J6«-CttS3fi«tt«tc 
I r Mn Srttffl tfc«MV^R5B Ut^, NiMn, 
PtMn, PdPtMn, RuRhMn, CrMn, N 
iO*£\ &*<DRfflmmft&m^iZB&\z&\,*X 

[0 4 6 2] £?>K, ±S6oi5te«fl:IB»*fc«*.tf 
CoFe/Ru/CoFe/I rMn, 0«t5*SSS« 
tt^^JI^ (RuSr^bfcCoFeH±^KgSKtt 

[04 6 3] tffllSr^OMRlSllii: 
TZZttf-etZo mZ-ttCoFe (2. 5nm) /A 
uCu (lnm) /CoFe (2nm) /I rMn (R 
aStt^y/y^) , IrMn/CoFe (2nra) 
/AuCu (lnm) /CoFe (2nm) IRHOOt 
XvZfV^V) ^cCoFe (lnm) / 

AuCu (0. 5nm) /CoFe ( 2 n m) / I rM 
n (7nm) OjzSK. 3fi«tt* y ^ U >-^£ig/H1->5 
WM»*o+|IBfcE«SixfcAuCu 

(D—fflt L"C, «afcft->y aySfi/Ta (5nm) / 
Au (lnm) /Cu (lnm) /CoFe ( 3 n m) 
/Cu (3nm) /CoFe (2nm) /I rMn (7 
nm) /Ta ( 5 n m) <Z>flJitSr, |f®TEM<i:r^7 

Kite, ^^^/ "btcJRofc-e^ ^D7>77^y 
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^o/co Tarn ^mm^<mm\ti cc m 

1) iE(*]LT^S 0 EtFr^^ — ^*»i>^^e>*@R^ 
C o F e/Cu/C o F e £ X\± fee (111) 

#Si:fM^fcc (ill) E^mxv>5-i: 
«-e^«¥— co;*^* hu^-CTv^v^t*»6, .bis 

[04 6 5] 5*¥e*Ki&^*K»i* MRtt 

a i t i cusiorwr^A i oi m± j $>. tco 

m, ^t*yK7^^^#y±tfcita4v\ 

[0 4 6 6] C^H16W^*3*tSAu<^Tifi^)TattiK* 
ftHt* 5. A u firKffiMfefki/ y =« vfflR_B:ij«BI 

&*lfcV\, Ta^TOatfi Ti, W, Zr, 
Mo, H f -^-tixfeS:*t^4ft4rS:fflv^5wi-3fts-e* 
So Ta/Au/CuTiW^:(l TairAuft 

9, &&%Lt ^x<DmMX£Vhmmmt(Dm&j3tm 

[0 4 6 7] Ta/Au/CuO«fcv4T«®B 

(5nm) /Cu ( 2 n m) /CoFe (4nm) /C 
u (3nm) /CoFe (2nm) /I rMn (7n 
m) /Ta (5nm) tf>J;5£, ¥«4Ta/Cu7t 

[0 4 6 8] gmzn^Li-ziixDm^b^x^ mmm 
KDtztmmiz, m^co,?^^ ai- 
jo Cu, Pt— Cu, Rh — Cu, Pd-Cu, I r — C 
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u, Ag-Pt, Ag-Pd, Ag-Au, Au-P 

t, Au-Pd, au-a i <Dmmm&tz&&&m&m 
if e>na Q mmm<nw&. m^mvmm^2msx±xh 

fttfV > < oTfe o X fcWfrft V \, *fc> attS^Ni ^ 
(Dm<VW&. Au-Pt, Au-Pd, Au-Ag. A 
u-AU Ag-Pt, Ag-Pd, Ru-Rh, Ru 
-Ir, R u - P t (75M^fc«frO«JBfflS, ££BSft if 

Au-Cu. Ag-Pt, Au-Pd, Au-Ag, P 
t-Cuftif^fca o *fc % B*fta*-&fc*-eft<T 
fc, Ru-Cu. Ag-CuO<fc5 *ia^^(Dai 

[0 4 6 9] tiXDmmt LT\ Ta/Cu/Au/Cu 
T«2> Ta/Pt/CuTi, Ta/Cu/PtT«, 
Ta/Rh/Cum Ta/Cu/RhTi, TA/ 
Pd/Cum Ta/Cu/PdTlfi'S^Wbtl 
£ 0 w*b6><0#»-eTaft^^<s/7rJB±^«Jlia« 
Srii^bTt J:v^ 0 £fc. TaOf-tbOKT i , w, Z 
r. Mo. Hf «^*n-&Sr*tr&Aftif"«:«l^6C 

■eta. f c c£K»o»#w:*>-ir>' hMia^MR 

*{fc*<rc«4>S:KCrt:«>* SSiSrJrff a^^AD Lft 
i^fr&UiH *>*0»<ftv^«»*U\ *fcaS?^» 
tf5t f c c(Di/-Kft Lt(OM^»ntU4 5 
fc*0#i-ffftv^5 5^»*LV\ JMttatett, 

T a ft if GO Tiffin 77l^»^cTl'>- KI^W 
(i2-5nmgaWU\ f:/:'U »*D5£*ft if \Z 

[0 4 7 0] ±1E©J: 5ft-frA*:»dti-a f c c 

ttCO f c c^ir It, P t N i (P t 2 6 a t % 

t9tPt!ly«SjfSU^) , RhNiM, P d N 
i^dfe 05t//ifOiB48-e«i4Srfeofe*, JfS=5c*<z> 
8S*D^»4UV0 IrNi^(Irl2at%J:H 
I r V 5>^j8«#*LI*) ftJfjMWffejtS. Itlb^ 

t T a /< y 7 7 ^ftb C T i , W, Zr, 
Mo. Hf ^-tn&Sr^ti^ftftifSrfflv^awfc^-e* 
a o f c c-&&»o«J»W:±ia<DW*Blo*&i: 

HUSK 2 - 5 n ml^jfS U V \ ^APTL^ft if iC J; *) 
LfcS^ldte 5nm«±tLttiV> 0 
[0 4 7 l] ±abt t 54irto*(Wi: Uttt, T 

a (5nm) /Pt (lnm) /C u (lnm) /Co 
Fe (2-8nm) /Cu ( 3 n m) /C o F e (2. 
5nm) /[ rMn ( 7 n m) /T a (5 nm) , Ta 
(5 nm) /P t C u (2nm) /C o F e (2 — 8 n 
m) /Cu (3nm) /C o F e (2. 5 nm) /[ r 
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Mn (7nm) /T a ( 5 n ra) , Ta (5nm) /A 
u (lnm)/Cu (lnm) / I rMn (7nm)/ 
CoFe (3nm) /R u (lnm) /C o F e (3n 
m) /Cu (3 nm) /C o F e (lnm) /N i F e 

(5nm) /Ta ( 5 n m) % Ta (5nm) /Au 

(lnm) /Cu (lnm) /I rMn (7nm) /C 
oFe (2. 5nm) /C u (3nm) /CoFe (1 
nm) /NiFe ( 5 n m) /T a (5nm) , Ta 

( 5 nm) /A u (lnm) /C u ( 1 nm) / I r M 
10 n (7nm) /CoFe (3nm) /Ru (lnm) / 
CoFe (3 nm) /C u (3 n m) /CoFe (4n 
m) /Ta (5nm) , Ta (5nm) /A u (in 
m) /C u (lnm) / I rMn (7nm) /C o F e 

(3nm) /Ru (lnm) /CoFe (3nm) /C 
u (3nm) /CoFe (4nm) /Cu ( 3 n m) / 
CoFe ( 3 n m) /R u (lnm) /C o F e ( 3 n 
m) / I rMn ( 7 n m) /T a (5nm) , Ta (5 
nm) /AuCu ( 2 n m) /I rMn (7nm) /C 
oFe (3nm) /R u (lnm) /CoFe (3n 
20 m) /Cu (3nm) /CoFe (4 nm) /C u (3 
nm) /CoFe ( 3 n m) /R u (lnm) /CoF 
e (3nm)/IrMn (7nm) /Ta ( 5 n m) ft 

ifsMHtf e>na 0 

(H56M7) ^*t*-e<7?ct 5ftMR|6l±JBttig4 9<^«fc 
9ftAX^ir>-i^cD^ic^5g^-e#ao ^<VWr&, 
CoSr^tfM. N i Sr^tfK^J: 5ft«ffiB7 1 i:. ^ 

m&i 7 2 t^ajiJi*tt^trv^/^atj: 9 ft 

^TMRrtUdi 7 3 ^iES$ita 0 **W94«»o#5t 
50 * HMkfl 1 ^ i: # ft if 1 ^ < WITC a 0 

[0 4 7 2] B±, JU*0f feflMfg Uoo*3BW^>* l - 
^7^JSo^^ov^TiftP^bfc 0 Lrt>U *$89J 

[0 4 7 3] 0iJxJl B 5 0 —SI 5 2 fit. *«9!<a £ 

ft a xsot st^iir&b -e* a . 

[04 7 4] i-ftfc*,, B 5 0 Jl A B S (^T • 

»fffiS:*i-t^-efc9, 05 111 *^y7 p JBK»^— 

40 [0 4 7 5] 7/ufy^iSl OCTi/- ^Kl 1 (N 
i F e . C o^7^/U7 FeAlSi^ 
&ftir\ Jf^: 0. Ni Fe^FeAl S 

i &&X*l±wm\z£ v) mmw&& i/^Tj > ^ tf yf 

o*n»«*'&jB<o»*KT*-eBfe*-t-«^ t*sa* u 

V0 . T*^^I812 (T/i^^^fcT/i^ftif) 
t»rtU to±l:^try/W*f i 33r^1-a 0 ; 
;* t°>-/<yuy^T- 1 3 te* ey/</^B l 4 fc— MoSf 

^ fc°y/</uyg 1411 H*Se?iJ 4 (c^ Ufcjtf h S 
50 V^e>M*tl^o -t"ftfc*>, Ta, Nb, Zr. Hf 
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^(OmmT^m 1 4 l (»* :l-10nm),» 
tO£CTR u-^N iFeCr *4fO|g 2 OT«fiJB 1 4 2 
(ff*:0. 5-5nm) . R»»ttJll 4 3, 

14 4, IWBtt^^— 9" 145, 7JJ-1146, if^ 
14 7, «e*t*Ctft«|| 1 4 8 (0. 5- 
lOnm) ^5>*rtSH5. ^il:Mt^ll7 
(T/U5^»tT/USftif) , ±^-/uK18 (N i 
Fe, CoST^^r^Ktt^ FeAlSi^4 
ftif, ff*:0. 5-3 /im ) 0S*J5fcStL5. HSL 

trvvVu:/*?- 1 3 tt, * 14©h5y^ 

5 0 5l^»:aiEatttl)l (Cr, FeCo 

*^Tflfi<^±^j*LfcC oPt^CoPtCr4 
if) *v^tt3fi«ttJf l 5 l tSMW&mi 5 2 

K9MH£flt 1 5 2 AH Lt &te3lfflM4tt i 5 l SrAK 
SJifc^fili'MT^JlHBffii (B!K«tt»*fc»4K 

Ms*t (is/wtx) /Msu (^y— ) £7 
«t, a*u<r*5KT»cK*i-*. swiss a/id* 4. 

5 nrag^T WftKVJt : 5 nmTOT) ^*"e*< 

45t, Ms*t («/wr*) /Msn (7y-) 

<43 («««ffhb-C2 5 nmTKT) • 

*^y<Dms<^Txmx*i±&mmgi 5 

&M&m 1 5 1 /R3S«tt« 152M ^«/<>f 

t£ B HN W^?*y/>fX) Bfe*SrftS'<</hS 
i F e^T't^^Co FeK o^j; 0«S?nBfrffc 
5 1 Mv^WIM*i:J: 9»«a#Sr3*»TBH 

[04 7 7] fc*3, 050 Ttt* V/^yU^H 1 4 
r*y^^lfc*U*v^-eK5!«H4Jii 4 3t»LT« 
^-<r^»Sr»fiRUfc*&«r*bfctf, TttJB 1 4 1 * 
t'x^fy^LTtlv^ K»»fflll4 3S:»L 
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70S 

>jf 1 4 4 li^li^S tt^Ollwi/WT^ISrf 

>-ji 1 AAcomittm^T^m 1 5owfc©*ftfji 

lail2StS*Sii*S!6Wft©-e, -t 5 "T5 4: fc*>g 1 4 
H\ K»U 1 4 7 S-Cflx y f y LT 7 J 

LTfeftvN, 

[0 4 7 8] £fc, m&teSScW<Dtili>\^ &\,>t±R5km 
SS143 tfgt'^T ami 5 to««B-&Sra»Sfc 
SSattS 1 5 1 coTJcTit® 1 4 2 &IQfltfeHt 
v^TitSJf 1 5 3«:K**Tfeftv\> 9SfflM£S<P 

much* tt t>wis.m&& 

7^I^55^W 7^8#S:#ai-7 y -Si;*Dt 5 
Tttil® 15 3 <DW-?>\± 10n mHT^iS U 
v\ iHl«tt«S:ffi^5i*l:t)IRI«li7 y i«K 

* ¥<Dmmmit7 y -m^m-r^> mmKmtmttm 
[0 4 7 9] ^tzx\ f%mmmg(DTmzF e co<dx 

5ftCoFe ^E(ft-t-«jettfdWbOT»«:Mv^-C7 y 
1 5 2^fi^t 0 >'/</^^^CfflV^fct>c^)<^^^#4^a 

[0480] L/^u ^tr^^^osastttJiiriif^ 

^7^«Og»»tt«l 5 2 0£Sl/<*T*#fflH:iK2fc 
£3£attJ8ll 5 2^3t»^>fr^*rtiW:h7y^«* 

1*1) o 

[04 8 1] ^r-e, w^tf* ffi^<DK&m&m<D7u 

SSMMw»^7^^)E»^ 
KttttttJil 5 2^^W7^tt4t:|j;, 
mR<P!&m (I rMn, RhMntdr^l^) "^HS^ 
SWftiSKljStf'a 2 0 0-2 5 OtOl/^ h^^T—fgi 
MlifPtMn, PdPtMn, I rMnft^ffl 
50 1^5) Sr*!jffli-«Ct^a*Ll\ ^t'W^T'S^S 
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&m&mta**Hxv Tb&mi< ^&m&m (i rM 

n, PtMn, PdPtMn?) 8r/flV*5£, l/^ h 

[04 8 2] ^(D^m^^mx t*i/s<j\s7x*teK5m 
t ^^mmm<D^^ r^m^^^itix u^i ^js 

S5SS*KttJBtP tMn^P d P tMnSrfi/^i^lt 
l/^h^a7- iftS (2 0 0-25 0t) -CftBHtS: 

[04 8 3 ] MMl 6<7>RflHSLDi4, ffi'^TxmvK 
BSHMDJ: 9 fcSsv^^tf^ S^*T-»etSrTJfTES 

(lOGbps i^l) "CiiO. 1 — 0. 7/xmC9^y 
^fv^mttZZo —ft* HMDIiLD X 9 h&X^t 
0. 3 — 1 vmfcbbZZ. »h7>^g-CV> 

HD (*^«) >LDloHMD>HD<l:t^^ 

* v >g*7£;[fc btzz><r> Xs<sis 9^&l£zs/4 X»ffi^S 

BESDmSiatU, ttttHIRKrO. 4*m« 
TKSfefcfcSfe h 7 ^^(6B4t*fi^- KKWBHMDS: 
0. 8 /imSSlcfilfsr fc^HSUV^. 
[0 4 8 4] 0 5 0(C*3t>T^y — JBOBIW4»i«&»&± 
5/— K*aB*-eoMP»Sr g f , Ty-/u K*ffi*t*^ 
KlWSrg p ti-5<t, 7y-lttb61ftWHcu 
Sr»*5fc«>fctt, gf<gpit5ii:^asu^. 

«\ ft*3fi.oir v^«SIE(7)8fE*v5 ti^^HM**-*— ■ * 

1 4 5«»C#fti-«^T?7y— Jl»Ctt*V^*««||L* 
KtfSffltffc $ ft £ Ac £> tc^^) Jo fe 3 * fc 5 
&ft^v*Siffij$s&AT*#, «fc9SSi^?£ffi;a:fcJ:tfft 

rru gfli2 5-5 0nmtltgf<gpd:t^^, 
/St6 0-1 30 nm^iU^t^^t't 
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7/0 

[0 4 8 5] 12 5 211, Hl-^H5 4iffc«|*UfcFy 

a^H-efcSo sis otsftsi: r. k^t^jb 

— SJKJS^'Ot T'>-^ K*B5£ olBJHSg f y^iiv— 
K*ffi4:<omtHg p ±9 fc/hSlr^ t^SS U\ eft 

70 7y -lliTV^ K^bco«*o»»S:3S< Sit. ft 

«i tc^ffi-r ^ o -e ? y - m \z n± mmm^^i t m 
x&ffimft&m&zks x D*f/rt^i;^jgA"e 

#> «fc 9»it\S4tB^*5«tt^AjfftB P. -Tft^^JbT 

#7^4, gpli3 5-8 0nm, gfli2 5-5 0nra 
^Ugf<gpi:«^ -7<ommL tftot 

20 ft*3_B.o h-^/uB^t^^fifce 0-13 0 amCO 

[04 8 6] *fc. ±5««figtJ»**^F(7)|Bt 

[0 4 8 7] **W«Cj:5»«S«tjaift*^. 
S:ffit>fc««^s/ K<OJR»fffi^i3*tS-t-/EDX^tlfO 
mm^-r^^^mxh^o WET EM (tran 

smission electron microscopy) M^ffl^f-^^/u^rf^ 

XoX. mMf&ZWLteW&'tZ Z.kfrXZZo 

5 3 fabhftfaz Xoiz % 7y-l^^-fCu^ 

[04 8 8] ^i?*^co^«^ LTI4, 9faoJH«r«fifc 

loc u^cov^r^^^-^ftt: 0 -^ft/c^^ii:^^ 

fCuli2. 4nm. #RtttiCItili:2 nm^^i 

144. lnmitsrims, i<D7y-f®|?|j: 
tt«Hafo^9, y-S. ^KtSJS^m^, 7J-I 

50 [04 8 9] 
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[0 4 9 0] £i\ aMBW^J:ixtf % WSKUfcJRiw* 
fc. ftff/MT^WyK *5Jztfi«MR, ilSARs 

[0491] *fc, sfrsfeut»2 7!rs 

»lt»»fWFU:««^y KO^Mt2 0 O'Cttj^-e 

[0 4 9 2] *58WteJ:Jxtf, StJ^bfcm7co 

**^»«*»B1"*£fcteJ;o-C, MRfi]JJiK:j: 5 

^FJw, flEERStSaa^J: 9MR^k*(7)i6j_bS:05r £ 

a«-e#5. 7y-«$*v^*&^*5v^tt, mr 

a®^MR^]J:^irJ:i9{i:^ii>ft:Lfc^, £fc»fi»*|B 
[0 4 9 3] W.fci£igLfc<J: *«5HfcJ:fttf, M 

[eh] *«w^«««a»**^owfaD*fiasr*-r« 

[0 2] atcJBW^trw^u^JBt^jSl^TitfetLS 
[03] J-il4Sat«Oi« 

rnmm c u ©utip»c»i-a 7 y Hifcan*>s*«BB#H 

ou<^B8ISS:*-r^9 7E|-efc5 0 

[04] hy^?-i o%~+i 0%, 0^9, /< 

<f T^ytf4 yh3 o%—5 0%SrHm"f"57t*^v^^ir 
[El 5] 

[El 6 ] *%p^(7)-ISM(:/i^^^ tV/^^IM 
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[07] ttjfccoB^ictttt:***^^*-*-* 2owHii 

[0 8] tWi^-fT*** V Mt^y KoS£« 

[0 9] «flt»^Hfllfi:SrRnB-p«>5o 

[010] *Jf £^5«SK#»E 1 1 - 1 3 Sr*-f1g&g;ig 

[011] tt«0«c*5Jt*^>f T^*>f v h<a*WB8:« 

70 -rtfcftH-e*>*o 

[012] h7^7r- ^-e^fci:#<OHin. H 

[013] tfcRM(C*5lt<5^r^jK^^ hOg^ggS 

[014] MW^^^/^rx^y h^ftSS* 

[015] &K&m<DX\i*>'s</u7imt*¥£W\zJ:Z>x 

20 itg? loot Lfc^7 7H-C* 5 o 

[016] tt:*8Ml~4 0fllag^*5V^-c, ^y— Ji^M 
s* t «tt«:/h£< LfcBfKMR^ffc^s^J: 5i-^ 

[017] *«W^«««gi«i*^!y KO— 3ttfc»MWr 

[018] ^«#^^1-5^^^<yu^Ko«Stffi<^ 
Sffci:* SS«/^r^»*HuA*Sr*-f-«ta;H-e*>«o 

[019] mk'<4T*mft**xtz.m&<Dmmmt 

50 [02 0] R3^tt^^^®^^(7)lHlW^t: 0 -^(Dn 
y * v ^ Sr^Ho 

[02 1] ««3&&JiU\ Ru^fflV>fc:^^lt 
Mr /Ms }aot,Ttfc0^^ o 

[022] *\?is'<j\s7m<nmmz.tt^z&m&<omk 

[02 3] 36ttl^A^tttt^B<DlBlff»||«&^« 

■f-0-CfeSo 

40 [02 4] ^ fy/W^i; t a-v y ^f^ 

[02 5] ^fcr^/^U^S^-^t a — -^tRt^^VU 

0-Cfc5 o 

[02 6] ^t o ^</^^o2iiS,»#Sr^-f-0"Cfc 

So 

[02 7] *%PJ(?5BMtaM^^ KtOffio— H2f£7£ 
50 [02 8] K(7)$f){C&(D" 
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[02 9] *36M«)«ft»8tS»*^y KWSblctt©- 
[El 3 0] *3SW©WE««0tajj*^5' K«>S&te«W>— 
[03 1 ] 4&93<ajK«ti&ft&j|l'vy K«>* fefcfltro— 

[133 2 1 ^Ba^sKa**?^ i (Dmmmm 

[ El 3 3 ] El 3 2 K^e«lgffi2&*^o2efl£0« £^ /0 
r^fffiEJT-fo5 0 
[03 4] El 3 2 l^*-f»S5«SliS»*iirT-©teoa»M 

[El 3 5] &&<DXt? f</i'ym<vm7'wtsHz£ZM 

[BIS 6] 

5:t fcK9li-.5fcii>0>B|-e*>5 o 

[El 3 7 1 SltSIW^jc/u* &S*3,tu«-tnfcS-t-.5G 
MRfflS<07ai/u*igSo3tt:i:(S#A«9o twSiro- 
0fl£^i-0T?fc3o 20 

[03 8] Au (Ag) /Cu#itiIRM?rjgrt 

[039] 032 ^-fMmsffitftmm+n $ & ci© 
[04 oi 03 9\z*rrmMg^&m*n&Bmi:* 
[04 n ttmnmmstii»&m¥*>fis2nx/Ben 

©MB«Jt«:5%i-WfaBBIt?*>«. 

[04 2] 04 1 K5%1-flMtftt^X?o£nH*&9% JO 

-rffffi0T-fe5o 

[04 3] ^KottftttstabjR^^assio^K^tB 

[04 4] ^Ottfttt^JMHFiiffl UfcftB» 
ftattft^y V9>% 1 <^>*JS^fliW«itSr^-f-»fS0T- 

[04 5] #*W©m*«ffi»**^*aUHLfc«?5# 
KIBES' KOll20|dtmS«>«3ft«:q«^faSB|-? 

[04 6 ] **B^w0:^5^!tafl£^s' KSrigffl bfcK 40 

■e*>*. 

[04 7] *»9f<&«??$HttS«3S~s' K&a/BLfcK 

So 
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[048] **B9i<z>iafc0V i -?i¥M bfc* fy/^yg 
<£> X R D '< * — -y 3r fM~ 0 T *> 5 o 

[04 9 1 *»W<©««««iS!l**-T-SrAX*^ffltfcit 
ffl UfclO60!l«)»aB«jSS:*i-Wffi0x?*)5 o 

[050] ABS (^T • ^<7y >i/ • f-7x-^) 

a. 

[El 5 1 1 =¥-r * r/ffi^v—zu KJKSrBfev ^fcx fcTv^/u 

7'5R^-»*]S0-efc5. 

[05 2] 01 -^0 5 ft H\ZM?F Lfc h -y 7*S<0^ fcTV 
✓</i-:/JSIk:ig1--3^ > K<£>— HJSMSr^t-«fcg:0-efc 

[05 3] **Wfc±$«ft«^**^Srffl^fc«* 

1 AflUI 

2 BftffcBiiSfJI 

3 M4H£<fn« 

4 MRrS]±Jl 
4a, 4 b &Jgjg| 

4 c s&m 

5 &MttiTi&m 

6 s&mmm 

8 ^ew^g 

i o mm 

11, 18 K 

12, 17 ¥yy7l 

13 * t°^<yu^^F 

14 tV/</U/I 

15 I/V7^I 
1 6 WM 

14 1, 14 2 ^«ttTflfiJB 
1 4 3 R5aB£t£Ji 
1 4 4 BitffcS#g 

i 4 5 <$mm 

146 l&ftgfil/g 
1 4 7 ^SJg| 

i s i mmat 

1 5 2 S3£B£teJ8i 
1 5 3 Ti&M 
144 1 SSSStegB 
1 4 4 2 Bm*S-£« 
1 4 4 3 3£^t£/f A 
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[07] 

v[v] U) 7 'j -saw 




VCvJ 
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7 'J -m&M< fco A:<b#OHa^ 
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Hshift =»-Hin+Hpin-Hcu 
<$Jtte + Hcu) 



[131 2] 




( Hpin#*£ < Hcutt/J* 3 i \£b.p. it \ 



113] 




H 



( 



) 



-60- 



(61) 



tfeffi 2000-137906 



II 4] 



[Ell 8] 



Hcu 



0 Hln l Hpin^^^<-H|n-^Hpin^^3^^50XIZifitv^c^-C , 



HUA* 



13 2] 



[015] 




MRheight 
-ittftffh 0.3mm 
i±J£#Jl 0.5mm 
ltfifiW2<Cu 2nm) 0.3mm 
i±«0i2<Cu 2nm) 0.5mm 
tt9BHH3 0.3mm 
Jt&fl!3 0.5mm 
it»0l4<Hpin t .Hcu i ) 0.3mm 
— tt«fl4(HpinT.Hcul) 0.5mm 

— tt!8c0l4CHpirir.HcuT) 0.3mm 

— fc««4(Hpin t ,Hcu r ) 0.5mm 
*»W(3e5g^1)0.3mm 

— (XfiEWl )0.5mm 




2 3 4 5 6 
y y — «<&Ms*t CnmT in NiFeJ 



[Ell 6] [{Ell 7] 
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